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HIGHER TECHNOLOGICAL AND 
UNIVERSITY EDUCATION 


HE training of technologists and, more par- 
ticularly, whether it should be given by the 
universities, by some modification of the existing 
colleges of technology, or by the creation of new 
institutes of technology of university status, has been 
under intermittent discussion ever since the Percy 
Committee reported in July 1945. In recent months 
the exchange of views has become much livelier. In 
November, Prof. M. L. Oliphant contributed an 
article, ‘University or Institute of Technology ?”’, to 
the Universities Quarterly. Shortly afterwards, a 
speech by Sir John Anderson at the Foundation Day 
celebrations of the University of London led to an 
exchange of correspondence in The Times. Mean- 
while, methods of improving technological education 
in Britain were discussed at the annual conference of 
the universities of Great Britain and Northern Ire- 
land; and the University Grants Committee pub- 
lished in January last “‘A Note on Technology in 
Universities”*. This was followed immediately by a 
series of articles in The Times Educational Supplement, 
to which Mr. M. W. Perrin, Lord Cherwell, Mr. Patrick 
Johnson, Principal H. Lowery and J. R. Killiam, 
president of the Massachusetts Institute of Techno- 
logy, contributed. A commentary on “Higher 
Education for Technologists” by Prof. A. R. Ubbel- 
lohde appeared in the February issue of Research, 
while a report on “Future Developments in Higher 
Technological Education” was presented to a meeting 
of the Association of Technical Institutions on 
February 24 by Principal F. H. Reid. The matter 
was also discussed in the House of Lords on March 14. 
Through all this debate, despite some decided clash 
of opinion, there is, as has already been noted in 
these columns (see, for example, Nature, January 28, 
p. 125), a fair measure of agreement. It is recognized 
that the technological courses required, as regards 
the intellectual discipline they demand, have the 
character of university courses. There is in con- 
sequence no suggestion that the degree or diploma 
obtained by those who complete the courses satis- 
factorily are in any way inferior to those obtained as 
a result of study in more academic fields at a univer- 
sity. The issue is, really, where and how such training 
can most effectively be given. 

Prof. Oliphant frankly expressed the view that 
applied science, as at present taught and developed, 
is out of place in a university. No university, he said, 
can hope to possess equipment for teaching engineer- 
ing, for example, which is adequate or remains up to 
date and in line with that used in industry. If applied 
sciences remain in any university, they must become 
studies in the engineering sciences—thorough training 
in modern mathematics, including the new methods 
in applied mathematics, modern physics in all its 
branches, recent advances in chemistry and other 
subjects cognate to the future of technology. The 
university would thus have to convert those courses 


* University Grants Committee. A Note on Technology in Univer- 
sities. Pp. 8. (London: H.M. Stationery Office, 1950.) 4d. net. 
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which are making it a technical school into disciplines 
in accord with its real spirit and function. 

Prof. Oliphant thus holds that we should and must 
develop in Britain institutes of technology or univer- 
sities of applied science, whatever we may call them, 
where applied science is taught. By attaching such 
institutions loosely to universities and locating them 
on or near the university sites we would avoid these 
administrative difficulties in applied science to which 
Prof. Ubbelohde in particular has directed attention, 
and would provide a healthy climate for the proper 
development of the special functions of both aspects 
of higher education and research. Similar ideas were 
expressed by Sir Lawrence Bragg at the Home 
Universities Conference in London in December, 
when he pointed out that few, if any, of the larger 
institutions teaching technical students have freedom 
to plan courses, decide rates of pay and conditions of 
work for teachers and assistants, the amount of 
attention to be given to different subjects and policy 
in regard to research, and standards for degrees or 
other awards. The absence of that freedom in 
technical education, he said, has kept the technical 
colleges in the character of poor relations. 

Sir Lawrence Bragg suggested that the ideal would 
be to establish new centres of higher technical 
education which would decide their own standards 
and courses and would differ from new universities 
solely in outlook. Such centres should be staffed 
with men experienced in technology and successful 
in the world of action. Even so, Sir Lawrence con- 
sidered that some branches of technological education 
should be represented in the universities which, as a 
matter of practical politics, are the only places in 
which higher technological education could flourish 
at present. Moreover, he believed that one end of the 
wide spectrum of technological education does find 
a fitting place in the university framework. 

With this plea for accepting the present position 
and providing for the immediate expansion of 
technolcgical teaching within the universities as the 
best means of meeting the immediate demand, Sir 
Lawrence coupled a plea for first-rate teaching by 
men who would command the respect of industrialists 
through their own achievements in the industrial 
field. Sir Edward Appleton, who also contributed to 
the discussion, dealt with the respective functions of 
the technical colleges and of the universities and, like 
Prof. Oliphant, insisted that, in technological training 
in the universities, fundamental training must tend 
to exclude technological detail if the purpose is to be 
achieved of turning out graduates who will find the 
later assimilation of the material of technological 
applications relatively easy. A similar comment was 
made by Sir Roderic Hill, rector of the Imperial College 
of Science and Technology, at the annual luncheon 
of the Parliamentary and Scientific Committee; he 
pointed out that if these great technological institu- 
tions should come into being, they would ultimately 
become universities. He said that the over-riding 
problem is to advance science and technology— 
which, rightly studied, form an intellectual discipline 
and contribute to a liberal outlook—and to raise the 
level of philosophical understanding so that they are 
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wisely used. Our main hope, he believes, is 
creation of an atmosphere in which human thought 
ean flourish, and, in general, he thinks this would be 
best accomplished with the aid of universities with a 
large and representative range of faculties. 

Not even Prof. Oliphant’s forthright remarks pro- 
voked quite the discussion that followed Sir John 
Anderson’s remark, in his speech at the Universi’ y of 
London, that experience might show that much oft 
the work which the universities are doing could be 
undertaken with greater advantage by other types of 
institution. Sir John was stressing the nee for 
a great development of higher education in Britain, 








the # 


whether in universities, in colleges of technology or” 


in other types of institution - he urged universities 
to watch these developments closely, and suggested 
that the extent to which, and the methods by which, 


universities align themselves to a common nati nal q 
He 
{ 


policy® call for close and continuous study. 
thought the universities should realize that the 
maintenance of their freedom from departmental 
control, and with it their continued freedom to 
proceed untrammelled in the pursuit of knowledge, 
are likely to depend on their willingness to exert such 
guidance as would keep their contribution in the field 
of higher education in harmony with current con. 
ceptions of the national interest. Speaking after- 
wards to the Parliamentary and Scientific (om. 
mittee, Sir John Anderson said that the whole 
subject is now in the hands of the National Advisory 
Council for Education in Commerce and Industry, 
and that the problem is to raise the status and 
prestige of technology without attempting to exclude 
universities or other institutions, which should not 
be inhibited from making such contributions as they 
may feel able to make. 

It is against this background that we should con. | 
sider the subsequent note from the University Grants | 
Committee. This note expresses accord with the 
view that certain aspects of technology or applied 
science are well suited to university study; but 
suggests that the work of a university in technology 
should be much more closely related to fundamental! 
science or other relevant studies than that of a 
technical college. Without implying any difference in 
status, the courses should be more widely based on 
higher standards of fundamental science, and contain 
a smaller element of training related to immediate or 


in 


practical work in industry. Nevertheless, the dis- | 


tinction should be recognized more clearly in planning 
further changes. 

It does not appear from this note that the Univer- 
sity Grants Committee, or its joint committee with 
the National Advisory Council on Education for 
Industry and Commerce, has, however, yet been able 
to make up its mind whether it is worth while 
bringing the whole field of technology within a single 
group of institutions. Despite the undoubted advant- 
age to the university of having technologists form part 
of the student body, and to industry of some techno- 
logists being educated in universities in contact with 
students drawn from a wide variety of faculties, it 
is recognized that in practice, especially at the present 
time, such advantages may well be illusory. This has 
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been pointed out in the correspondence provoked by 
Sir John Anderson’s address, and there are also 
legitimate doubts as to whether present arrange 
ments do, in fact, favour the closest possible association 
of university teaching and research in technology with 
the fundamental sciences. Even if students of 
technology are trained in fundamental sciences in 
departments where a wide range of research is being 
actively pursued, such association by itself may not 
ensure that the standards of work and research in the 
science departments permeate the departments of 
applied science ; nor is the contact of the staffs of 
the departments of pure science with those dealing 
with problems of an applied nature necessarily 
sufficient. 

The University Grants Committee in its recent 
“Note” is content to state the principal issues 
involved in the general problem. The benefit to the 
student of applied science of some industrial experi- 
ence at an early stage in his career, the importance 
of more university research in technology and the 
value of some such research in problems related to 
the interests of local industry, and the importance 
of extending postgraduate activities in the field of 
technology to include some postgraduate instruction 
as distinct from research, are all recognized. Nor is 
there any disposition to suggest that there is only 
one solution or method of approach; though 
inasmuch as the “Note” assumes that for the present 
no more than about 250 men a year of this type are 
required and that postgraduate courses of one or two 
years duration will meet the demand, the Committee 
may have taken too narrow a view of the situation. 

The case for segregation has been most ably and 
forcefully argued by Prof. Ubbelohde, both on 
principle and on practical grounds. As he rightly 
says, even when academic studies are properly 
balanced, technological studies call for special treat- 
ment because of the different approach. Unless the 
treatment of such studies is right, and unless due 
care has been taken to base them on a liberal educa- 
tion in the schools and to keep them in balance 
throughout with the humanistic and social subjects 

in some such way as Dr. Killiam describes as effected 
under the scheme drawn up so early as 1846 by Prof. 
Burton Rogers, out of whose concepts the Massa- 
chusetts Institute of Technology has evolved—little 
will be achieved by the mere intermingling of students 
of technology with other university students. 

Prof. Ubbelohde’s case for the creation of institutes 
of advanced technology, apart from the important 
argument that the administration of advanced 
teaching in technology differs in kind from that 
required in the administration of university affairs 
and budget, rests largely on the belief that this step 
would reconcile the arguments for and against the 

segregation of technological studies from academic 
studies. Even so, Prof. Ubbelohde suggests that a 
combination of this policy with the promotion of 
more extensive advanced work in selected technical 
teaching organisations already in existence would 
eventually prove the most fruitful in promoting post- 
graduate work of the highest quality. It will be 
noted also that this advanced technological work is, 
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in either method, to be based on an academic educa- 
tion in which at least the methods of teaching have 
reflected the academic approach. This is essential if 
an institute of technology is to give really vigorous 
teaching in the methods of applying new knowledge; 
and to teach the experimental spirit in attempting 
new applications. 

Here Prof. Ubbelohde stresses the importance of 
some co-operation with the activities of industrial 
firms, particularly if the cost of experimental facilities 
is not to be excessively heavy. He develops in some 
detail the idea that the research associations might 
play an important part, and his suggestion that a 
census Of life-histories of the research staff, at least in 
the longer-established associations, should be taken 
deserves to be implemented. One object of such a 
census—to determine what proportion of the research 
workers in a research association might reasonably 
be expected to take up technological posts in industry 
at a later stage—-would provide the answer to a 
question which the promised survey of the research 
association movement by the Department of Scientific 
and Industrial Research should undoubtedly ask. 
Such a census would also indicate how far the work 
of any research association could be linked up with 
advanced teaching of the technologies. Later it 
might also be possible for research associations to 
provide such postgraduate students with limited 
opportunities for postgraduate work. Quite apart 
from the need to review first the other principal 
teaching activities of an institute of technology, 
such a proposal must remain very tentative until the 
position of the research association movement as a 
whole and its contribution to industry have been 
objectively and authoritatively reviewed. 

Prof. Ubbelohde’s proposals appear to meet the 
need which Lord Cherwell has stressed in respect of 
modern engineering in arguing for technical univer- 
sities, and to provide the cross-fertilization and liberal 
education which are essential in order to avoid 
producing narrow specialists. They should equally 
provide that grasp of affairs which Mr. Johnson notes 
as characteristic of the average graduate of a good 
Continental school of technology. It is implicit in 
Lord Cherwell’s and Prof. Ubbelohde’s argument 
that the graduates of any new institutes of technology 
should be able to write and argue consistently and 
clearly, to make their case forcibly to the enterprise 
they serve and to comprehend the social or the 
economic purport of their service. Nor is it probable, 
as both Mr. M. W. Perrin and Principal H. Lowery 
indicate, that the upgrading of some of the present 
technical colleges in Britain to full university status 
could contribute to anything like the same extent to 
this end. Quite apart from the fact that the existing 
technical colleges have an essential function to fill in 
the training of technicians, for which alone their 
resources require extendiag and expanding, the 
staffing, accommodation and equipment, as well as 
the administration, required for higher technological 
training go far beyond anything possible in their 
present structure without changes which would in 
effect transform them into new and independent 
institutions. 
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This point is missed by the Association of Technical 
Institutions in the report already mentioned. The 
recommendation for the establishment of a Royal 
Institute or Society of Technology to approve courses 
for the award of a national qualification in technology 
fails completely to distinguish between the training 
of technicians in general and the higher technological 
education that we are here discussing. It is unlikely 
to contribute anything towards the development of 
education for higher technology or even to assist in 
the development of the technical colleges themselves 
in the way in which an institute of technology or 
technical university might do. Nor is it supported 
by any of the other participants in the recent dis- 
cussions in The Times or elsewhere. 

Whatever expedients are adopted as a short-term 
policy—and the proposais of the University Grants 
Committee to deal with the immediate issue do not 
prejudice experiment in other directions— it seems 
clear that no patching of the existing system is good 
enough for a long-term policy. The creation of 
institutes of technology in Britain would be a gradual 
and costly business, though not necessarily so slow 
as is sometimes suggested. Their advantages remain 
in dispute, but the idea is supported by a sufficient 
body of distinguished scientific opinion to warrant an 
experiment with what is at least a promising means 
of improving technological education, and which 
might well give technology the prestige it needs. A 
new institution of equal dignity with the ordinary 
university has inherent potentialities for giving fresh 
direction and energy to technological education in 
Great Britain far greater than proposals for modifying 
an existing haphazard system. 

One thing is essential: any such experiment must 
be viewed from the start as a part of the ordered 
educational system of Great Britain as a whole. 
However successful the experiment may prove, there 
can be no question of a clean sweep of the techno- 
logical departments already existing in universities. 
Higher technological education, moreover, must be in 
balance with academic education and with industrial 
needs, as well as with technical education generally. 
It should equally be remembered that some of the 
defects of the present system arise in the schools, and 
that attempts in the past to base a scientific training 
on a broader general education by offering science 
scholarships on examinations in which no science 
papers are set have failed through lack of candidates. 
In order to succeed, the institute of technology may 
well have to maintain a stricter definition of liberal 
education than the universities and to express this 
definition in its entrance regulations. 

Whether or not it is wise to await the investigation 
of the problem by such an inquiry or mission to the 
United States as Lord Simon of Wythenshaw has 
suggested, before proceeding to establish such an 
institute as an experiment, much co-operation and 
clear thinking are essential. A first step would seem 
to be the bringing of the responsibility for the 
development of higher technological education and 
of university education under one authority, with 
clearly defined and adequate powers of action and 
initiative. With it must go fresh fundamental thought 
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on the purpose of the university and of the institute 
of technology, and the scope and content of their 
respective disciplines. Reinforced by some inde. 
pendent thought on the part of the professiona| 
institutions, we might thus be led to a re-alignment 
of university education and of professional and 
technical training which might eliminate all danger 
to the maintenance of university standards and y: 
provide the country more readily and efficiently wit 
the trained men and women that it needs ; moreov« 
in such a re-examination, the industrialist has an 
important part to play. Avenues of co-operation suc!) 
as were indicated by Dr. W. M. Garratt in his stimu 
lating address at Liverpool on February 23 on t! 
relations between the universities and industry nee:| 
to be explored most carefully and utilized to the ful 
Apart from this, it should be borne in mind, as M: 
H. Jack emphasized, that the special techniques 0! 
an industry can be taught within the industry if th: 
basic scientific training has been sound, but that it i 
difficult for industry to correct the defects of a narrow 
basic training. 

What makes the idea of experiment along the lines 
of an institute of technology most promising anc 
interesting is the extent to which its advocates ar 
aware of the difficulties and dangers with which th: 
experiment is attended. Clearly they are resolved to 
find some less haphazard way of providing a cultura! 
background than casual intermingling of technica! 
students with students of the humanities in the 
ordinary university. They are alive, too, to the 
problem of equipment and of staff, not least that of 
staff salaries in competition with those in industry 
and elsewhere if the right men are to be secured 
They are alive also to the immense influence which an 
effective demonstration of the possibility of teaching 
technology in this way, in full independence and in an 
atmosphere of its own making, must have on the 
whole quality and organisation of technical education 
in Great Britain. The experiment may, indeed, fail ; 
but its advocates are at least displaying the imagina 
tion and the enterprise as well as the insight that 
should go far to ensure success. 


PLANTS OF THE PERUVIAN 
ANDES 


El Mundo Vegetal de los Andes Peruanos 
Estudio fitogeograéfico. (The Plant World of th 
Peruvian Andes. Phytogeographical Study.) By A 
Weberbauer. Second, revised and enlarged edition. 
Pp. xix+776+43 plates, map in pocket. (Lima 
Ministerio de Agricultura, Estacién Experimenta 
Agricola de la Molina, 1945.) 


N 1911 Prof. A. Weberbauer published, as Vol. 12 

of Engler and Drude’s “Vegetation der Erde’ 
series, “Die Pflanzenwelt der Peruanischen Anden’”’ 
The text was in German, and it was intended t 
publish a Spanish version for use in South America. 
The outbreak of the First World War, however. 
caused the project to be postponed indefinitely, and 
in the meantime the author continued for some 
thirty-four years to explore and greatly to widen his 
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knowledge of the Peruvian flora. The volume under 
review (which is written in Spanish) constitutes, 
therefore, far more than an ordinary second edition, 
so much has the original material been enlarged. 
Although it was published in 1945, attention is 
directed to it here—as a book indispensable to any 
botanical library—for the reason that it does not yet 
appear to be widely disseminated east of the Atlantic. 

The floristic composition of the whole of Peru is 
studied, and, as the map of the author’s journeys of 
exploration shows, there appears to be no type of 
land which he has not visited. Not the least inter- 
esting part of the book is the author’s account, in 
the chapter on the history of botanical exploration in 
Peru. of his tours; the modesty of the diction does 
not succeed in hiding the magnificent persistence of 
the explorer, a persistence which has led to such 
valu: ble results. 

Comparison of the two editions shows that, while 
the arrangement and the illustrations are sub- 
stantially the same, the text of the new edition has 
been completely rewritten and the headings to the 
material have been clarified in several instances. The 
list of references numbered 172 in the first edition, 
but the second edition has 695. 

The work is arranged in five sections. An intro- 
duction of eighty-two pages contains a history of 
botanical exploration in Peru from 1568 onwards 
together with the above-mentioned bibliography, 
while the first section (pp. 83-138) outlines the 
physical geography and climate of the country. 
Section 2 gives a general account of the systematic 
groups as found in Peru, of the distribution of the 
plant cover in zones according to altitude, and the 
composition of the principal formations (pp. 139-219). 
The third section occupies pp. 221-626 and describes 
the natural plant cover, region by region, as a basis 
of phytogeographical classification, a short chapter 
(pp. 613-626) being devoted to the cultivated plants, 
American and foreign. The fourth and final section 
discusses the genesis of the Peruvian flora and 
possible migratory routes. There is an alphabetical 
list of plant names, popular and scientific. 

While it is not possible to summarize such a large 
mass of information on a country having so great a 
diversity of topographical and climatic conditions, 
attention may be directed, perhaps, to one or two 
rather unusual plant formations. The word loma 
normally means a gentle slope or hillside, usually 
covered with low-growing vegetation, and it is used in 
this sense in the Peruvian Andes. To the Peruvian 
of the coastal region, however, a loma signifies an 
ephemeral, open plant formation, found not neces- 
sarily on slopes and not in immediate proximity to 
the sea, but in localities open to its influence: the 
farther the lomas penetrate inland, the more they. are 
restricted to the hill tops and crests, until they dis- 
appear altogether. The upper limit probably does 
not exceed a thousand metres, a height seldom 

attained by the coastal hills; the lower limit is 
approximately twenty to fifty metres. The principal 
climatic factor governing the appearance of the lomas 
is the mist of the coastal region, under which they 
begin to turn green in the middle of winter and dry 
up at the beginning of summer. The component 
species are mainly herbs. Annuals predominate, and 
bulbs and tubers are frequent. There are few grasses 
and these tend to be scattered. Shrubs are few and 
confined mainly to the higher parts ; cacti (principally 
Cereus) are restricted to dry, stony slopes and are 
entirely absent from many parts. The dense seasonal 
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mists, seldom penetrated by the rays of the sun, 
create quite peculiar conditions for plant growth. 
The general colour, seen from a distance, is an intense 
green. The description of this formation is of great 
interest. 

Another interesting region on which the present 
author writes with especial authority is that situated 
above the level at which agriculture is possible. This 
region is known as the Puna in the middle and south- 
east of Peru, and its lower limit there is 3,800- 
4,000 m. In the north of Peru it is known as the 
Jalca, and its lower limit goes down to 3,600 or even 
3,400 m., in spite of its closer proximity to the 
equator. The climate in the north is more humid, 
cloudy, misty and consequently colder. The upper 
limit of the Jalca seldom exceeds 4,000 m. Pdramo 
is another word commonly used to denote these high 
Andean regions. The flora of the Puna and that of 
the Jalca are not identical: rosette-forming herbs 
and cushion plants are less frequent in the Jalca than 
in the Puna; tall, narrow-leaved grasses, mainly 
species of Fesiuca and Calamagrostis, together with 
shorter grasses and herbs, form a type of steppe in 
the Jalea; and burning by shepherds has modified 
the plant cover. Detailed floristic descriptions of 
various sections of these regions are presented. 

A third region of which the botany is possibly not 
very well known is called the Ceja de la Montana 
or the brow of the forest. It comprises the upper, 
temperate part of the eastern Andean slopes, above 
the tropical forest which covers the lower slopes up 
to an altitude of approximately 1,800-2,000 m. 
Between this and an upper level of 3,400-3,600 m. 
and (in the middle and south of Peru) even 3,900 m. 
is found the Ceja. A characteristic climatic feature 
of this zone is mist, which is very frequent at all 
seasons, originating principally on the crests and 
peaks exposed to the east winds. The mist not only 
furnishes much moisture, but also tempers the light 
and renders the temperature uniform and relatively 
low. Evergreen woods, varying in height but never 
attaining that of the tropical forest below, are the 
dominant formation, alternating in some more 
sheltered and therefore drier parts with tussock grass- 
lands. Important characters of the woods of the 
Ceja are the profusion of lichens, mosses and ferns, 
the great quantity of epiphytes, and the firm, 
coriaceous foliage of many of the woody plants. 

G. M. RosEvEARE 


ORIGINS OF SPEECH 


The Infancy of Speech and the Speech of Infancy 
By Dr. Leopold Stein. Pp. xiv+209+8 plates. 
(London: Methuen and Co., Ltd., 1949.) 21s. net. 
R. LEOPOLD STEIN, who is physician in 
charge of speech therapy at the Tavistock 
Clinic, London, has written an extremely learned, 
but none the less readable, book. He quotes from 
266 separate authorities, and engagingly attempts to 
reconstruct the pre-history of human speech from its 
earliest beginnings. His English is excellent, and he 
tells his imaginative story very well. But he suffers 
from a ‘blind spot’; he is convinced that all speech 
was originally derived from ‘clicks’, such as are 
found in various African and certain American- 
Indian languages, and he more or less ignores all 
other forms of primitive mouth gesture. He makes 
no reference to Darwin’s pregnant observation of the 
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natural sympathy existing between the movements 
of man’s hands and those of his mouth—nor to the 
important evidence of this sympathy in operation in 
the evolution of Indo-European and Semitic roots as 
disclosed by Prof. Alexander Johannesson in his 
communications to Nature’. 

Dr. Stein quotes freely from Prof. J. Piaget’s book, 
“The Language and Thought of the Child”; but he 
ignores Piaget's significant description of children’s 
use of “language by gesture and mime, language in 
movement, which is after all the real social language 
of the child”. Dr. Stein also makes no reference to 
the various forms of gesture language which have 
been noted in different parts of the world—nor to 
the universal sign language (describi:g events as a 
whole) which is natural to all the uneducated born- 
deaf. He does, however, agree with Prof. Piaget that 
young children (and presumably primitive man also) 
think in terms of events as a whole—what Piaget 
(following Bleuler) calls “autistic’’ thought, and that 
the art of thinking of individual objects, qualities, 
ete., by means of “directed” thought, comes later. 

By ignoring the mentality of the born-deaf, Dr. 
Stein deprives himself of valuable evidence as to the 
probable mentality and linguistic powers of primitive 
man. For the uneducated born-deaf have been found 
to think autistically, and, in consequence, to be 
unable to invent. Dr. Stein accepts Prof. F. Zeuner’s 
chronology* which indicates successive cultural 
periods such as 300,000, 180,000 and 80,000 years, 
during each of which there was no apparent material 
change in man’s ways. If, during these immense periods, 
man was still in his “autistic’’ stage, thinking in terms 
of events and expressing himself in corresponding 
generalized gestures, his inability to invent becomes 
at once understandable, and the date of his acquisition 
of true speech must be greatly advanced beyond the 
100,000 years B.c. suggested by Dr. Stein. 

As to the clicks, these, as Dr. Stein states, are due 
to the release of air under suction in different parts 
of the mouth. Dr. Stein thinks they are related to 
the primitive infantile gesture of sucking, and that, 
in course of time, the same gestures were made on 
an out-breath and then became consonants. He 
gives no explanation of how or why these very 
various gestures of suction and release were formed, 
and why consonants were not formed at each out- 
breath. For primitive man could scarcely have 
survived without emitting an out-breath for each 
in-breath! Dr. Stein studies each stage of man’s 
cultural development and ingeniously attempts to 
assess his corresponding attainments in speech ; he 
is, I suggest, unduly hard in denying Pithecanthropus 
any consonants, for many apes still use at least some 
of them. 

Dr. Stein’s nearest approach to a recognition of 
the function of gesture in speech is at p. 122, where 
he says: “a continuous prattling, accompanying 
gesture, was going on . . . the parts of which had 
no conventional meaning in themselves”. This may 
well have been man’s method of communication 
during his long autistic period, prior to his discovery 
of directed thought and gesture, and the resultant 
verbal speech. 

Dr. Stein takes the prevalent view that the 
Neanderthal practice of burying the dead and pro- 
viding them with tools and food indicates that they 
had developed “wisdom”. But is it certain that such 
practices indicate anything more than that these 
people had arrived at the stage of remembering their 
dreams of dead leaders ? 
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There is a foreword, by Dr. E. J. Broome, and a 


good index ; there are numerous figures and tables 
in the text, and eight sheets of plates, illustrating 
mouth gestures in apes and children, cave drawings 
and statuettes, and the structure of the brain. (Of 
these, Figs. 6 and 7 need explanation and Fig. 9 
(section of a horse’s head) is inadequate. Plates 5 and 
6 do not correspond at all to the descriptions of them 
on pp. 170-171. There are very few misprints, and, 
apart from its self-imposed taboo of mouth-gesture, 
the book makes interesting reading. But the date 
of true speech should, I suggest, be advanced to, say, 
near Azilian times. R. A. 8. Pacer 

' Johannesson, A., Nature, 358, 177 (1944) ; 154, 466 (1944); 157, 817 


(1946) ; 162, 902 (194 
* Zeuner, F., “Dating the Poot” (London: Kegan Paul and Rout 
ledge, Ltd.). 


BIOLOGY IN SCHOOLS 


The Teaching and Learning of Biology in Secondary 
Schools 

With Special Reference to Grammar Schools. By 

Prof. T. L. Green. Pp. ix+214+6 plates. (London : 

Allman and Son (Publishers), Ltd., 1949.) 8s. net. 


ROF. T. L. GREEN has produced a most useful! 

book on the teaching and learning of biology, 
and one which in some respects is unique. Not often 
in the history of science-teaching has scientific 
method been applied to the problems of finding the 
best techniques of teaching and learning. Prof. Green 
has made a careful study of all published work on 
his subject and has drawn upon educational research 
in psychology and pedagogy. Much yet remains to 
be done, but Prof. Green has used everything of 
value which is now available. If psychological 
theories applied to pedagogy still leave much to be 
desired, at least it is now possible to see the problems 
of learning from the pupil’s or student’s point of 
view, and not merely from that of the teacher, who 
may fondly believe that he has perfected a technique 
using all the latest visual and other teaching aids. 
Only the type of analysis to which Prof. Green 
subjects the teacher’s problems will suffice. 

Into twenty-eight short chapters much material 
has been pressed, and it is difficult to think of a 
problem in the teaching of biology which has not 
been faced. Social biology, sylviculture, agricultural! 
and economic biology, embryology and genetics are 
all effectively dealt with, and the chapters on photo- 
graphy in relation to biology teaching, optical aids, 
the use of models and drawings are enthusiastic and 
vigorous and serve to reveal the author’s wide 
experience. 

At present there is a deplorable shortage of biology 
teachers in British schools, and the effect 
of this will soon make itself felt in the universities 
and later in the professions which demand the 
biological outlook and technical skills. Moreover. 
there is no sign in the future of an improvement in 
the staffing position, and the negligible difference in 
salary between the highly qualified and trained 
graduate in grammar schools and the ‘emergency- 
trained’ teacher does not augur well for the future. 
Biology teaching in grammar schools is no job for 
amateurs, and Prof. Green’s book should be studied 
by science students in training departments, as well 
as by all biology staffs in grammar schools. It is 
yoo Ay in its appearance and can be warmly recom. 
mended W. L. SumyNer 
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CENTENARY OF THE ROYAL METEOROLOGICAL SOCIETY 
By Sim DAVID BRUNT, F.R.S. 


HE existence of the Royal Meteorological 
Society is regarded as dating from a meeting on 
April 3, 1850, of some friends of meteorology at 
Hartwell, near Ayleskary, the house of Dr. J. Lee, 
F.R.S. The ten men present at this meeting were 
Dr. Lee, James Glaisher, and Rev. J. B. Reade, who 
were Fellows of the Royal Society, together with 
seven Fellows of the Royal Astronomical Society, 
John Drew, V. Fasel, Rev. 8. King, E. J. Lowe, 
Rev. C. Lowndes, W. Rutter and S. C. Whitbread. 
The meeting appears to have been largely devoted 
to ensuring the collection of reliable observations. 
Agreement was reached upon “a general system of 
observations, uniformity of registry, systematic 
communication, and other measures for ensuring 
precision to the advancement of the aecrostetical 
branch of physics”. 

8S. C. Whitbread, of Cardington, near Bedford, 
was elected president, and a council was appointed, 
with James Glaisher, F.R.S., as secretary, thus 
establishing the British Meteorological Society. The 
list of the first members of council includes the names 
of Luke Howard, Lord Robert Grosvenor, Dr. John 
Lee, John Drew and George Leach. The Society so 
founded was granted a royal charter of incorporation 
by Queen Victoria in 1866, and members of the 
Society were thereafter styled ‘Fellows’. In 1883 the 
Society changed its name to the Royal Meteorological 
Society, by gracious permission of Queen Victoria. 

The British Meteorological Society was not the 
first attempt to found a society for the study of 
meteorology in Great Britain. There existed a 
Meteorological Society of London from October 
1823 until May 1843, with some rather serious breaks 
in continuity. It languished during 1824-36, when 
fairly regular meetings were again initiated and 
continued until May 1843. This Society appears to 
have fallen into some degree of disrepute, and in the 
formation of the new Society there was an obvious 
desire to forget the ‘astro-meteorological’ tendencies 
of the old Society, and to make a completely new 
start. 

The first meeting of the British Meteorological 
Society was held on March 25, 1851, but the Council 
had been active in the year which had elapsed since 
its formation. The secretary had obtained 2,000 
printed copies of the blank form which had been 
approved for observations, and it had been decided 
that the completed forms should be sent to the 
secretary, James Glaisher, and should be considered 
as Glaisher’s property. At the time of the first meeting 
the Society had about a hundred and fifty members. 

The aims of the Society were two-fold, namely, 
the collection and publication of summaries of 
meteorological observations made in comparable 
conditions, and the discussion of papers contributed 
by its members. The first of these aims was pursued 
actively under the driving force of James Glaisher, 
who was secretary from 1850 until 1873, except 
during the two years, 1867-68, when he was elected 
president. Glaisher organised a system of well- 
distributed climatological stations throughout Great 
Britain, carried out periodical inspections of these 
stations, tested the instruments, and produced 
regular summaries of the observations. These 








summaries were supplied to the Registrar-General of 
Births, Deaths and Marriages, for publication in his 
annual reports. Glaisher took an active part in all the 
movements initiated by the Society, without counting 
the cost in time, or the risk involved. When high 
manned-balloon ascents were suggested as a means 
of obtaining upper-air temperatures, Glaisher was the 
first to make an ascent in a balloon for this purpose, 
and made a series of such ascents, terminated by the 
bursting of the balloon. 

William Marriott, who was elected assistant- 
secretary in 1872, continued the supervision of the 
climatological observations. He became very well 
known to all Fellows who visited Lendon, as a most 
enthusiastic and capable meteorologist. His ‘Hints 
to Meteorological Observers” was a concise, accurate 
and authoritative work, and was used by successive 
generations of observers as their guide in making 
observations. Marriott wrote many papers summariz- 
ing and discussing observations made at the Society’s 
climatological stations. To Glaisher and Marriott the 
Society owed a debt which was fully recognized by 
the Council and the Fellows of the Society. 

When the Meteorological Department of the Board 
of Trade was founded under Admiral Fitzroy in 1854, 
there was willing co-operation between Society and 
Department. Barometers of a suitable kind were lent 
by Fitzroy for use at certain of the stations main- 
tained by the Society, and in 1859, on the suggestion 
of the Duke of Northumberland, the Society ordered 
fourteen barometers, the cost of which was shared by 
the Duke and the Society. These instruments were 
compared with the Greenwich standard, and then 
installed by Glaisher at fourteen east coast fishing 
villages. 

In the early years of the Society, considerable care 
was devoted to devising suitable instruments and 
arranging regular observations at a series of well- 
distributed stations. Meteorology was then mainly 
regarded as an observational science, and most of the 
members (or Fellows) of the Society appear to have 
maintained stations of their own, and to have made 
regular observations, summaries of which were 
communicated to, and published by, the Society. 
Monthly summaries of observations at stations in 
England and Wales were published in the Annual 
Reports to the Council up to 1871, then in the Quarterly 
Journal up to 1880. They were published in a separate 
series known as the Meteorological Record from 1881 
until 1911 ‘aclusive. From 1912 onwards the duty 
of publication was taken over by the Meteorological 
Office, which still issues such climatological summaries 
in the Monthly Weather Report. 

The meetings of the Society were to a considerable 
extent devoted to discussions of the observations, and 
of the instruments required to take reliable obser- 
vations. But papers on any meteorological topic 
submitted by members were discussed at the meetings. 
The papers were printed, during the first ten years, in 
the Annual Report of the Council, and during the next 
ten years, in the Proceedings. From 1872 onward 
papers read to the Society were published in the 
Quarterly Journal of the Meteorological Society.1 The 
prefix Royal was added in the title of the Journal 
from 1883 onward. 
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The Meteorological Office, now a department of the 

Air Ministry, was founded as the Meteorological 
Department of the Board of Trade in 1854, but was 
detached from the Board of Trade in 1867, and 
entrusted to a Committee of the Royal Society 
until 1876, when a Meteorological Council was 
formed to supervise its administration. Later the 
Council was replaced by an _ inter-departmental 
Meteorological Committee, and in 1919 the Office 
was transferred to the Air Ministry. Duties which we 
should now perhaps regard as appropriate to the 
Meteorological Office were, in the earlier years in the 
lives of the Office and the Society, discharged by the 
Society. In 1878, recognizing the need for plain and 
accurate instructions respecting the erection of 
lightning conductors, the Meteorological Society 
obtained the assistance of the Royal Institute of 
British Architects, the Society of Telegraph Engineers 
and the Physical Society, each of which nominated 
two representatives to serve with representatives of 
the Meteorological Society on a conference entrusted 
with the task of drawing up a detailed report on the 
subject. The report was published in 1881. 

The president’s address at the annual general 
meeting of the Meteorglogical Society in 1881 
(Quart. J. Met. Soc., 7, 94), which was devoted to the 
history of the Society during its first thirty years, 
gives the detailed constitution of the conference 
referred to above. Immediately following this is a 
reference to the formation of a joint committee of 
representatives of the Meteorological Council and of 
the Society to consider the question which had been 
propounded by the Austrian Government “Telative 
to the alleged recent diminution in the Water Supply 
over a considerable part of Europe’’. The same ques- 
tion might very well have been propounded in 
1949, when over wide areas of Europe the water 
supply was deficient for some months. 

Experiments on wind-pressure on _ structures, 
prompted by the Tay Bridge disaster in a severe gale 
in 1879, were undertaken in collaboration with the 
Meteorological Office by Mr. W. H. Dines, acting on 
behalf of the Society. Many of the ingenious 
experiments carried out by Mr. Dines in the course 
of this investigation were described in the Quarterly 
Journal, and discussed at meetings of the Society. 
One of the principal regults of this work was the 
evolution of the Dines pressure-tube anemometer, 
while the importance of securing comparable 
exposures for anemometers was clearly demonstrated. 
Dines showed that, whilo it may be assumed that the 
pressure of wind on a flat plate in Ib./ft.*, with speed 
v in m.p.h., may be represented by kv*, the value of 
k is more nearly 0-003 than the value 0-005 pre- 
viously assumed by engineers. 

The Society initiated in 1875 the series of annual 
Phenological Reports, which give the dates of first 
appearance of flowers, birds and insects, and which 
attempt to correlate these dates with the weather of 
the current or earlier seasons. These reports were 
continued without intermission up to 1947. 

During the whole period of its existence, the 
Quarterly Journal of the Society has held an 
honourable place in the literature of meteorology. 
For many years, in addition to original papers, it 
contained the only available monthly summaries of 
weather for England and Wales, and thereby rendered 
a valuable service to the public. 

In its earlier years, the Society was essentially an 
association of amateurs of the science of meteorology, 
who were inspired by the desire to add to our know- 
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ledge of the atmosphere. Many of these amateurs 
attained great distinction. Thus W. H. Dines, who 
started as a trained mechanical engineer, became an 
enthusiastic amateur meteorologist, and designed, and 
himself used, a number of ingenious instruments, of 
which the Dines anemometer was mentioned earlier, 
He also designed recording instruments for tempera. 
ture and pressure, suitable for sending up on kites and 
unmanned balloons, 
diseussed in a series of papers to which the 
meteorologist of to-day frequently refers. Dines also 
designed an ingenious instrument for measuring the 
amount of infra-red radiation reaching the earth’s 
surface from the atmosphere, and the discussion of the 
observations which he obtained by the use of this 
instrument has produced papers of considerable value 
by Dines, by Dines and his son, L. H. G. Dines, by 
Sir George Simpson, and by a number of other 
meteorologists both in Great Britain and elsewhere. 

In 1881 the Society commenced a series of 
exhibitions of instruments, and these continued at 
intervals of a year, except for a few omissions, up to 
1900, when fourteen had been held. The Society's 
publications do not give any indication of such 
exhibitions being held after that of 1900. 

An important step in the development of the 
Society came in 1921. The Scottish Meteorological 
Society, founded in 1855, had devoted its energies 
mainly to the study of the meteorological problems 
of Scotland, with Dr. Alexander Buchan as its 
organising genius. It maintained an office in 
Edinburgh under a working agreement with the 
Meteorological Office. When in 1919 the Meteorological 
Office was transferred to the Air Ministry, and the 
Meteorological Committee was reconstituted, a 
branch of the Meteorological Office was established 
in Edinburgh. This branch office took over the 
responsibilities of the Scottish Meteorological Society 
in regard to the collection and compilation of 
statistics, and the supply of information to the 
public. Since this involved the transfer of 
responsibility for the observational work in Scotland 
from the Scottish Meteorological Society to the 
Meteorological Office, it came to be felt that closer 
co-operation between the Society and the Royal 
Meteorological Society would ‘be beneficial to both 
Societies, and to the science of meteorology. The 
incorporation of the Scottish Meteorological Society 
in the Royal Meteorological Society was effecte: 
in 1921, when 124 members of the former Society 
became Fellows of the latter. ° 

The number of Fellows, which was about 150 in 
1851, had steadily grown to 620 by 1900; then, after 
falling to 558 in 1910, it had again grown to 795 by 
1920, as the result of the First World War. In 1930 
it had fallen to 775, in spite of the accretion of new 
Fellows on the incorporation of the Scottish 
Meteorological Society. The Second World War, 
in which the official meteorological service grew with 
amazing rapidity, had immediate repercussions on 
the Society, and the fellowship grew from 879 in 
1940 to 1,714 in 1947, with a slight fall to 1,654 in 
1950. 

A detailed account of the work of the Society 
during the first thirty years of its existence was given 
by Symons in nis presidential address in 1882. In 
1900 the Society celebrated its jubilee on April 3, with 
&@ commemoration meeting attended by delegates from 
other learned societies, held during the afternoon, 
followed by a conversazione in the evening. The 
next day was devoted to a visit to the Royal 
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Observatory, Greenwich, followed by a visit to the 
Painted Hall and Naval Museum of Greenwich 
Hospital, and by a dinner in the evening. At the 
commemoration meeting the president, Dr. Theodore 
Williams, welcomed representatives of many learned 
societies, and many letters received from famous 
foreign men of science were read. The celebration of 
its jubilee brought the Society many warm tributes, 
from which it is clear that the Society held a high 
place in the esteem of meteorologists all over the 
world. 

The growth of the Society, as sketched briefly 
above, has been very strongly affected by each of the 
two World Wars. When the Society was first formed, 
there was no official meteorological service in Great 
Britain, and so there were no official meteorologists. 
Moreover, there were no departments of meteorology 
at any of the universities. In consequence, the 
fellowship of the Society could only be recruited from 
amateur meteorologists. Even in 1910, the Meteoro- 
logical Office had only five graduates on its staff, 
including the director, Dr. W. N. Shaw (later Sir 
Napier Shaw). 

Each of the two World Wars brought into 
meteorology large numbers of young graduates, of 
whom many joined the Society. They were brought 
into contact with many problems of a new type, and 
when they were free to publish the results of their 
work they were able, after the First World War, to 
give the Quarterly Journal a definite swing in the 
direction of more detailed discussion of conditions in 
the free air, in the light of observations which had 
been accumulated during the War by the use of 
thermometers on aircraft, and by the use of pilot 
balloons. Papers on the distribution of temperature 
in the upper air, on the form of clouds seen from 
aircraft, on the physics of cloud formation, and other 
related topics, are to be found in the Journal in 
the early 1920's. 

In the course of the inter-war years, partly, at 
least, through the influence of discussions at the 
meetings of the Society, there arose a tendency to 
subject the problems of meteorology to an analytical 
mode of discussion. This tendency became even more 
marked in the late 1940’s, and many recent numbers 
of the Quarterly Journal have contained papers of a 
highly mathematical character. The Second World 
War had brought into being a number of new types of 
instruments, and far more extensive observations of 
conditions in the upper air. The latter had a marked 
effect in emphasizing the three-dimensional nature of 
the atmosphere, and raised in an acute form the 
problem of how best to represent on a two-dimen- 
sional chart the three-dimensional observations which 
had been made possible by the application of radar 
and radio to the problem of making measurements of 
temperature, humidity and wind in the upper air. 
In providing a forum for the critical discussions on 
such varied topics as have come before it, the Society 
has made a considerable contribution to the advance 
of meteorology. 

It is not to be inferred that we can now enumerate 
recent advances in meteorology in a simple form. 
The science is more excitingly alive at present than 
it has ever been, and the meteorologist of to-day can 
look forward to a rapid advance of our knowledge of 
atmospheric processes. 

At several stages in its history the Society has been 
faced with the problem of how best to deal with the 
widely varying character of the papers submitted for 
publication. The fellowship of the Society has at all 
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times included numbers of amateurs of meteorology, 
who find papers of a highly specialized character 
beyond their comprehension. These readers of the 
Quarterly Journal have sometimes found a whole 
issue too technical to understand. 

The first effort to overcome this difficulty was the 
initiation in 1926 of the publication of the highly 
technical papers as separate Memoirs, of which forty 
numbers appeared, before the venture was abandoned 
in 1939. This solution of the problem was never 
wholly satisfactory, as there was no hard-and-fast 
rule to determine which papers should go into the 
Journal andi which should appear as Memoirs. An 
effort was at the same time made to include articles of 
general interest in the Quarterly Journal. In 1930 a 
series of articles entitled “Problems of Modern 
Meteorology” was initiated. Each article dealt with 
one aspect of meteorology, and was devoted to a 
critical summary of the appropriate theories, with a 
bibliography. This series was continued for four 
years, and the Council decided to reproduce in book 
form the sixteen papers which had been contributed 
by various authors. This was the first time that 
special articles had been written for publication in 
the Journal without having been read and discussed 
at meetings of the Society. 

In 1945 the Council adopted a second solution of 
the problem of separating papers of general interest 
from the more technical papers, by the bold step of 
publishing a new semi-popular monthly magazine, 
entitled Weather, containing matter of general 
interest. This magazine is well illustrated and 
attractive, both in appearance and content. In it are 
published news, articles describing in simple terms the 
progress of research in special aspects of meteorology, 
summaries of a wider field of meteorology in a readable 
form, and letters from readers. Weather has been very 
well received both in Great Britain and abroad, and 
has thoroughly justified the risky step taken in 
launching it at a time of rapidly rising costs of 
publication. 

The Society. has a number of awards which can be 
given for distinguished work in meteorology. The 
highest honour which it can bestow is the Symons 
Memorial Medal, which is awarded every other year, 
“for distinguished work in meteorological science”, 
irrespective of sex or nationality. The Medal, which 
was of gold up to the early years of the Second World 
War, is provided from funds which were subscribed 
by Fellows of the Society in 1900 and 1901, to provide 
@ memorial to Mr. J. G. Symons, F.R.S. It was first 
awarded in 1902 to Dr. Alexander Buchan, F.R.S., 
and in general it has been awarded alternately 
to a British and a foreign meteorologist. The 
complete list of twenty-four recipients contains 
all the outstanding meteorologists of the past half- 
century. 

At the time of the amalgamation of the Scottish 
Meteorological Society with the Royal Meteorological 
Society in 1921, it was suggested that part of the 
funds of the former Society should be devoted to the 
award of a prize, which might appropriately be called 
the “Buchan Prize’, in order to commemorate 
Scotland’s most widely known meteorologist. This 
suggestion was put into effect, and in 1925 the first 
award was made to Mr. W. H. Dines. The Buchan 
Prize, which consists of fifteen guineas, together with 
a parchment certificate, has been awarded in alternate 
years, generally in the years when no Symons Medal 
was to be awarded. Only Fellows are eligible for the 
Prize. 
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The present is a time of great activity in 
meteorology, and the output of papers on the subject 
is far greater than it has ever been, and covers a far 
wider field than at any time in the past. The primary 
function of the Royal Meteorological Society in the 
years now ahead will be to provide a forum for truly 
critical discussion of the papers submitted to it. Only 
in this way can it help to sift from the great mass of 
work now being published the part which has 
permanent value. 

A secondary function, which it has fulfilled in the 
past and should continue in the future, is that of the 
dissemination of knéwledge and understanding of 
meteorology. At several stages in its history the 
Society has arranged series of free popular lectures, 
open to the general public, and these lectures have 
been much appreciated by good audiences. It is in 
this way that the Society can help to demonstrate 
that meteorology is concerned, not only with 
forecasting to-morrow’s weather, but also with almost 
every aspect of human life. 

The centenary of the Royal Meteorological Society 
will be celebrated by a series of symposia to be held in 
Oxford during March 28-31; a conversazione in the 
Society’s Rooms at 49 Cromwell Road, South 
Kensington, 8.W.7, on Saturday, April 1, preceded in 
the afternoon by a visit to the Meteorological Office, 
Harrow ; and on Monday, April 3, a morning visit 
to the Department of Meteorology, Imperial College 
of Science and Technology, South Kensington, the 
centenary meeting in the Society’s Rooms at 3 p.m., 
followed by a dinner at the Connaught Rooms, Great 
Queen Street. 


THE CYCLOSYNCHROTRON 


Acceleration of Heavy Particles to Energies above 
1,000 MeV., and the Homopolar Generator as a 
Source of very Large Current Pulses 


By Pror. M. L. OLIPHANT, F.R.S. 


DVANCE in the frontier problems of nuclear 
physics and of field theory appears to await the 
results of experiments with particles accelerated to 
very high energies. Such particles are present in 
cosmic radiation, especially at high altitudes, and 
much information can be obtained from them. 
However, some experiments, such as accurate 
observations of scattering, are difficult, if not impos- 
sible, with cosmic radiation. The great contributions 
made to knowledge in this field through the operation 
of the 184-inch synchrocyclotron in Berkeley indicate 
the unique value of beams of particles, with energies 
in the cosmic-ray region, when available in the 
laboratory. 

The acceleration of electrons to very high energies 
probably depends upon the development of linear 
accelerators of great length, since the curling up of 
the path of an electron, by means of a magnetic field, 
into a circle of reasonable radius leads to prohibitive 
radiation losses when moving at extreme relativistic 
speeds. On the other hand, loss of energy by radiation 
from heavy particles moving in strong magnetic 
fields is negligible for any final energy contemplated 
at the present time. It has been shown by Veksler! 
and McMillan* that the orbits of relativistic particles 
undergoing acceleration in a synchrotron are stable 
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against radial and axial oscillations, and that the 
bunched particles possess phase stability. Gooden? 
and others have considered synchrotron acceleration 
in the non-relativistic region of velocities and have 
shown that the orbits and phases can be made stable. 
The magnetic field thus serves not only to curl up 
the very long paths of the particles during acceler. 
ation, so as to keep them within the confines of the 
laboratory, but also to impart stability in position 
and phase which compensates for initial divergence 
of the beam, small-angle scattering in the residual] 
gas and for reasonable geometrical imperfections in 
the apparatus. 

The kinetic energy W, and radius of curvature o, 
of a charged particle of rest-mass m,, moving at 
right-angles to a magnetic field H, are related by the 


expression 
W + =e) ee 
. mc* 


Ho = me J 
é 
2 
1) — 1, 


and for protons this becomes 
Hp = 3-13 x 108 m Af ie 
0-94 
where W is in units of 10° eV., H is in gauss and » 
in em. For protons with an energy of 2 x 10° eV., 
Ho is therefore 9-3 x 10° gauss-cm. 

The inevitable radial and axial oscillations under- 
gone by the particles as they rotate in the guiding 
field make it necessary to provide a reasonable 
aperture over which the magnetic field has the 
correct value. This aperture will be greater the 
lower the energy at which the beam is injected, and 
its linear dimensions will increase proportionally 
with p. Thus the magnetic energy stored at the peak 
value of the magnetic field of a synchrotron is pro- 
nortional to 9. This magnetic energy is by far the 
most difficult and expensive quantity which must be 
provided for a synchrotron. It is clear that it pays 
to use as large a value of H as is practicable. Iron- 
cored magnets, which must be laminated, cannot 
provide a peak field greater than about 15,000 gauss, 
so that, for an energy of 2 x 10° eV., ep is about 
620 cm., giving a magnet about 45 ft. in diameter. 
However, if H can be increased to about 62,000 
gauss, by the use of current-carrying coils without 
iron, e shrinks to 150 cm. 

If the beam of particles can be injected into the 
synchrotron orbit at a very high energy, the effects of 
scattering in the residual gas and of departures from 
the correct frequency on the accelerating electrode are 
greatly reduced, and the aperture of the field can be 
made correspondingly smaller. If, in addition, the 
beam is injected already bunched and correctly phased 
with respect to the accelerating gap, practically all 
the particles will be captured into stable synchrotron 
orbits. A further advantage of injection at very high 
energy is that the radio-frequency applied to the 
accelerating electrode must be varied during accel- 
eration over a much smaller range. One of the most 
serious problems in the design of the 1-3 x 10° eV. 
proton-synchrotron in Birmingham‘, into which 
particles are injected at an energy of 5 x 10° eV., 
has been the provision of an accelerating potential 
varying in frequency from 0-25 Mc. at injection to 
a final value of 10 Me. 

It is possible to meet most of these desirable con- 
ditions by first accelerating protons in a synchro- 
cyclotron and then producing a synchrotron guiding 
field about the final orbit, in such a way that the 
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SCHEMATIC DIAGRAM OF THE CYCLO-SYNCHROTRON 
Protons or other heavy particles from the source S are accelerated by the electrede D of the synchro-cyclotron system to a final orbit O. 


A synchrotron field is produced about O by the coils 


R, and Rs, the circuit being completed when the protons reach O by the liquid sodium jets J, which are interrupt 


C, which are fed with a rising current pulse from the homopolar generator rotors 


at the end of a full 


eycle when the current is zero. The radio-frequency applied to D falls during the synchrocyclotron acceleration and increases again during 
the synchrotron acceleration in the orbit O 


synchrocyclotron acceleration passes smoothly over 
into synchrotron acceleration. We have called an 
accelerator operating in this way a ‘cyclo-synchro- 
tron’, and a first model is under construction for 
installation in the School of Physical Sciences in the 
Australian National University at Canberra. 

The synchrocyclotron magnet will have a pole 
diameter of 136 inches with a gap of 14 inches, the 
mean magnetic field being about 15,000 gauss, and 
will produce protons with an energy of 200 MeV. in 
a final orbit 150 cm. in radius. This synchrocyclotron 
will be a valuable instrument in itself for studies in 
nuclear physics in the energy-region up to 200 MeV. 
Suitable coils will be arranged about the final orbit 
so as to produce in this region a synchrotron field 
rising to about 65,000 gauss, giving particles with 
an energy of 2 x 10* eV. Higher values of the 
field would lead to distortion of the water-cooled 
copper coils, but by the use of beryllium-copper and 
improved forms of support, it may be possible to 
double the stress, that is, to increase the field by 
40 per cent, when the final energy of the accelerated 
particles would be 3-3 x 10° eV. 

A schematic cross-section of the new accelerator 
is given in the figure. A more detailed technical descrip- 
tion will be given elsewhere. With synchrocyclotrons 
of the size of some existing in the United States 
to-day, it may be possible to construct cyclo-syn- 
chrotrons capable of producing protons with energies 
of 5-6 x 10° eV., which should be sufficient for most 


of the crucial experiments foreseen at the present 
time. 

From the technical point of view, the most difficult 
problem to be faced is the provision of the pulses of 
current through the synchrotron coils. In order to 
avoid insulation troubles and to enable the windings 
to be properly transposed, each of the four coils in 
the Canberra accelerator contains effectively only a 
single turn, in which the copper’ cross-section is 
96 cm.*, the leads to the separate conductors, which 
are water-cooled, being brought out symmetrically 
distributed about the circumference, so as to avoid 
serious inhomogeneities in the field. Tho four coils 
are in series, giving a resistance of less than 10~* ohm. 
A current of about 10° amperes is required to give a 
synchrotron field of 65,000 gauss, and if the time of 
rise is to be of the order of 1/10 second a potential of 
500 volts is needed. The energy stored in the mag- 
netic field is about 5 x 10* joules. 

Discussion with the makers of switch-gear testing 
equipment indicates that it is extremely difficult or 
impossible to provide pulses of energy of this magni- 
tude by conventional methods. In a search for an 
alternative source of pulsed energy, we found that 
the disk-type homopolar generator offers the most 
practicable solution. Two generator disks will be 
mounted in the auxiliary gaps in the magnetic circuit 
shown in the figure. These rotors will be 300 cm. in 
diameter, will rotate at a maximum speed of 20 
revolutions per second in a field of 17,000 gauss, and 
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will generate 250 volts each between the periphery 
and an inner current-collecting circle 100 cm. in 
diameter. The disks will rotate in opposite directions 
and will be connected in series with one another and 
with the synchrotron coils. They will rotate in closed 
chambers in an atmosphere of hydrogen. Current 
will be collected at the periphery and at both sides 
of the inner collecting circle by means of jets of liquid 
sodium issuing from slots in circular channels; and 
by using mechanism similar to the fuel injection 
system of a Diesel engine, these jets will make con- 
tact when a pulse of current is required, so that they 
serve also as a switching system. 

If the current from the disks is led back from the 
inner current-collecting rings symmetrically about 
the disks, through copper linings insulated from the 
steel pole-pieces, there will be no resultant axial 
forces on the disks. With rotors about 1 em. thick, 
the total rotational energy stored in the disks is 
about 7 x 10* joules. This corresponds with an 
effective ‘capacity’ of the disks of the order of 100 
farads, and, when connected in series with the 
inductance of the synchrotron coils, they form an 
oscillating circuit in which energy is handed over to 
the magnetic field and back into the disks. The 
current can be interrupted as it passes through zero 
after a half period, when the direction of rotation of 
the disks is reversed, or after a full period, when they 
are again spinning in the original direction. The 
fraction of the energy lost in resistance and windage, 
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etc., in a full cycle, is about three-quarters of the 
total initial energy, so that about 1,000 kilowatts is 
necessary to drive the rotors if the system is pulsed 
at 10-second intervals. The rotors will be driven as 
disk motors. 

A model of the homopolar generator is being built 
with a rotor 18 inches in diameter in order to settle 
the details of current collection. 

The disk-type homopolar generator is attractive 
as a short-circuit type generator for relatively low 
voltages and very high currents. The armature 
reactien is virtually zero, the resistance is very small, 
the stresses in the disk are well within the strength 
of ordinary materials, and it is to be noted that in 
this application the maximum stress due to the 
current occurs when the centrifugal stress is zero, 
that is, when the disk is at rest. These properties of 
the homopolar generator may render it useful in 
other applications. 

By building the generators into the synchro. 
cyclotron magnet itself, the need for a separate 
magnet is removed at the expense of extra ampere. 
turns on the windings, and the very short current 
leads to the synchrotron coils eliminate many of tlie 
difficulties of using such heavy currents at low 


voltages. 


' Veksler, J. Phys. U.S.S.R., 9, No. 3 (1945). 

* McMillan, Phys. Rev., 68, 143 (1945). 

* Gooden, Jensen and Symonds, Proc, Phys. Soc., 69, 677 (1947). 
* Oliphant, Gooden and Hide, Proc. Phys. Soc., 59, 666 (1947). 





NEW FELLOWS OF THE ROYAL SOCIETY 


T the meeting of the Royal Society held on March 
16, the following were elected to fellowship : 

Dr. B. P. Basxan, physiologist, McGill University, 
Montreal ; distinguished for his work on the secretion 
by the digestive tract and on conditioned reflexes. 

Prof. L. F. Batss, professor of physics, University 
of Nottingham; distinguished for his contributions 
to experimental physics, particularly for his researches 
on the properties of ferromagnetic substances. 

Prof. T. A. Bennet-Ciark, professor of botany, 
King’s College, London; distinguished for his 
researches in plant physiology, particularly on organic 
acid metabolism, and the control of water in plant 
cells. 

Dr. B. Breaney, demonstrator and lecturer in 
physics, University of Oxford; distinguished for 
his contributions to experimental physics, especially 
to microwave spectroscopy and to low-temperature 
physics. 

Dr. L. J. Comrie, direetor of the Scientific Com- 
puting Service, Ltd., London ; distinguished by his 
contributions to modern methods of computation. 

Prof. C. A. Counson, professor of thecretical 
physics, King’s College, London ; distinguished for his 
application of quantum theory to chemical problems. 


Dr. L. R. Cox, assistant keeper, Department of 


Geology, British Museum (Natural History); dis- 
tinguished for his contributions to invertebrate 
paleontology. 


Prof. H. 8. M. Coxeter, professor of mathematics, 
University of Toronto; distinguished for his discoveries 
in geometry and in particular for his work on 
polytopes. 


G. H. CunnineuaM, director of the Plant Diseases 
Division, Department of Scientific and Industrial 
Research, Auckland, New Zealand ; distinguished for 
his researches on the rust fungi and systematic 
mycology. 

Dr. W. J. Eirorp, biophysicist, National Institute 
for Medical Research, London ; distinguished especi- 
ally for his researches on viruses, particularly on 
methods of determining virus size. 


S. B. Garss, a senior principal scientific officer, 
Ministry of Supply (Air); distinguished as a pioneer 
in the acientific study of the dynamics of aircraft. 

Dr. C. A. Hoare, protozoologist to the Wellcome 
Laboratories of Tropical Medicine, London; dis- 
tinguished for his work on parasitic Protogoa, especi- 
ally the trypanosomes. 

Prof. L. Howarts, professor of applied mathe- 
matics, University of Bristol; distinguished for his 
contributions to the mathematical theory of the 
boundary layer, the theory of isotropic turbulence 
and gas dynamics. 

Prof. E. R. H. Jones, professor of organic chemistry, 
University of Manchester; distinguished for his 
research in organic chemistry, particularly in the 
fields of steroids, carotenoids and in the chemistry of 
acetylene. 

Dr. A. J. P. Mart, biochemist, National Institute 
for Medical Research, London ; distinguished for his 
work on the development of liquid-liquid partition 
chromatographic methods of chemical analysis. 

Dr. D. F. Martyn, principal scientific officer, 
Commonwealth Scientific and Industrial Research 
Organisation, Solar Observatory, Canberra;  dis- 
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tinguished for his contributions to various aspects of 
scientific radio, including the interpretation of radio 
wave interaction and the elucidation of ionospheric 
variations, 

Prof. R. A. Morron, professor of biochemistry, 
University of Liverpool ; distinguished for his studies 
on the chemistry and biochemistry of the fat-soluble 
vitamins, 

Prof. R. J. Pumpnrey, professor of zoology, Univer- 
sity of Liverpool; distinguished for his researches 
on the sense organs and central nervous system of 
animals, particularly for his work on heaing in 
insects and man. 

Prof. A. G. SHENSTONE, professor of physics, 
University of Princeton ; formerly scientific liaison 
officer in London of the Canadian National Research 
Council; distinguished for his spectroscopic 
researches. 

Prof. H. E. SxHorttr, head of the Department of 
Parasitology, London School of Hygiene and Tropical 
Medicine ; distinguished for his work on protozoal 


diseases. 
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Prof. M. Stacey, professor of chemistry, University 
of Birmingham ; distinguished for his researches in 
organic chemistry, especially his studies of the 
carbohydrates of animal tissue and of micro-organisms. 

Dr. L. E. Surron, demonstrator and lecturer in 
physical chemistry, University of Oxford; distin- 
guished for his work on the electrical properties of 
molecules. 


R. L. M. Synee, biochemist, Rowett Research 
Institute, Aberdeenshire; distinguished for his 
application of the principle of partition chromato- 
graphy to the separation of amino-acids and peptides. 

Dr. B. P. Uvarov, director of the Anti-Locust 
Research Centre, British Museum (Natural History) ; 
distinguished for his scientific researches on the 
Orthoptera and for the leading part he has played in 
the international organisation of measures for the 
control of locusts. 






Prof. F. C. Writt1aMs, professor of electro-techniecs, 
University of Manchester; distinguished for his 
work on radar and the development of electrical 
computing machines. 


NEWS and VIEWS 


Botany at Manchester : 
Prof. S. C. Harland, F.R.S. 


Dr. 8S. C. HARLAND, reader in genetics in the Univer- 
sity of Manchester, has been appointed Harrison 
professor of botany and director of the Laboratories 
and Experimental Grounds, in succession to Prof. 
Eric Ashby, who was recently elected president and 
vice-chancellor of Queen’s University, Belfast (Nature, 
October 22, 1949). Dr. Harland has had a distin- 
guished career in economic botany and is one of the 
leading authorities in the world on plant genetics. 
He graduated at King’s College, London, and he has 
been successively head of the Botanical Department 
of the Shirley Institute, professor of botany and 
genetics in the Imperial College of Tropical Agri- 
culture, chief geneticist to the Empire Cotton Growing 
Corporation, and director of the Institute of Cotton 
Genetics of the National Agricultural Society of Peru. 
Dr. Harland’s principal contributions to genetics have 
been made with the cotton plant, and his book ““The 
Genetics of Cotton” is the standard work on the sub- 
ject. His researches are remarkable for their bold- 
ness of approach and their relevance not only to 
cotton breeders, but also to plant geographers and 
experimental taxonomists. Dr. Harland is an 
inspiring teacher and a man of wide interests, so 
it is a matter of great satisfaction that he has been 
called upon to maintain the high tradition of botany 
at the University of Manchester. 


Scientific Freedom and Security in the United 

States 

Tue Council of the U.S. National Academy of 
Sciences has submitted to President Truman a state- 
ment relating to certain provisions of the National 
Science Foundation Bill HR 4846 as passed by the 
House of Representatives on March 1. After referring 
to the main object of the measure, the statement 
continues: “‘One set of protective measures is rightly 
aimed at the security of information vital to the 
national defense. Scientific and technical informa- 
tion has come to play an important role in this 





defense. We are gravely disturbed, however, to see 
that security measures are being extended widely 
over the scientific life of the country, even in those 
areas remote from possible military application. This 
development will defeat the growth of science by 
inhibiting the free exchange of information so vital 
to it, by discouraging the bravest and most original 
minds, and by the pervasive threat of irreparable 
injury to individuals inherent in all counter- 
intelligence measures. If we are concerned with these 
developments it is not because we ask a special 
privilege for scientists; it is because they cannot 
lose their freedom without jeopardizing the freedom 
of all Americans.” 

In his covering letter to President Truman, Dr. 
Alfred N. Richards, president of the Academy, points 
out that the statement “is designedly limited to 
principles so broad as to be applicable not only to 
science but to other intellectual pursuits. It has 
developed, however, from more specific considera- 
tions.’’ The Academy is particularly concerned about 
the amendment providing ‘‘for FBI investigation and 
clearance of every person who is to be awarded a 
scholarship or fellowship under the terms of the 
bill”. While it is agreed that such precautions 
are necessary in dealing with those who work in 
classified fields or have access to restricted data, 
to submit large numbers of young persons to 
such investigations is unnecessary and may even be 
positively detrimental to the objectives of the bill. 
“Knowledge of the nature of FBI investigations and 
reports among prospective applicants for scholar- 
ships may well be expected to develop in them 
habits of caution, reticence and suspicion, which are 
the antithesis of frank truthfulness which science 
demands. A deplorable trend to conformity and a 
deterioration in the intellectual climate could be 
expected to follow.” In conclusion, Dr. Richards 
said that the statement was “‘the basis of the decision 
of the National Academy of Sciences to limit the 
participation of the National Research Council in the 
non-secret part of the AEC fellowship program 
to advisory assistance”’. 











470 


Annual Report of the Imperial College of Tropical 
Agriculture 


TxE 1948 annual report of the Imperial College of 
Tropical Agriculture, St. Augustine, Trinidad (London 
affice, 40 Norfolk Street, London, W.C.2), comes at 
an important period of its post-war development. 
On one hand, the College is now closely associated 
with four adequately financed Colonial Development 
and Welfare Acts research projects dealing with 
banana, cacao, cane sugar and soils; on the other 
hand, working arrangements are being formulated 
with the University College of the West Indies, and 
contacts are being made with the University Colleges 
im the Gold Coast, Nigeria and Uganda. In Trinidad, 
as elsewhere, urgent research projects are at present 
impeded by lack of housing or of laboratory accom- 
modation and by lack of staff. Construction costs 
have risen, and some modification of original designs 
has been necessary. It is satisfactory to note that 
three hundred acres of land in the new College farm 
are being cleared and planted; the College has 
hitherto had insufficient land for field experiments. 
Some appointments have been made to the teaching 
and research staff. It is considered that the intro- 
duction of equivalent salary scales will be greatly 
advantageous in attracting good men and in facil- 
itating interchange between scientific workers in the 
West Indies, in the Colonial Research Service and in 
the Scientific Civil Service of Great Britain. 

Another feature in plans for Colonial develop- 
ment is the grouping of overseas men of science in 
research organisations where they benefit from 
contact with fellow workers, have adequate libraries 
and can be relieved of various administrative chores. 
A regional agricultural research organisation has not 
yet been established in the British West Indies, but 
the Imperial College of Tropical Agriculture does, in 
fact, carry out some of the desired functions. It 
seems necessary to assume that as time passes an 
increasing amount of agricultural research, develop- 
ment and extension work in tropical lands will be 
carried out by nationals of those countries. Never- 
theless, these territories will continue to require 
technicians who have received their general education 
and their more specialized training in metropolitan 
countries. These two aspects of man-power needs in 
relation to agricultural development have to be borne 
in mind when planning the most fruitful co-operation 
between regional research organisations and regional 
university colleges. The discussions that are in 
progress between the Imperial College of Tropical 
Agriculture and the University College of the West 
Indies will, it is hoped, lead towards a well-devised and 
adjustable allocation of responsibilities in this field. 


Parliamentary and Scientific Committee: Annual 
Report 


THE annual report for 1949 of the Parliamentary 
and Scientific Committee (pp. 20; London: Parlia- 
mentary and Scientific Committee, 1949; Ils.) gives 
an account of the Committee’s activities which 
demonstrates what an important contribution this 
unofficial body can make in bringing scientific 
opinion to bear effectively on the conduct of public 
affairs. A useful series of addresses was given 
to meetings of the Committee during the year on 
such varied matters as American technological co- 
operation, the British Standards Institution, science 
and the efficient use of materials in the building 
industry, Britain’s oil-refinery programme, the Agri- 
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cultural and the Medical Research Councils and the 
World Resources Conference. Questions were put in 
the House of Commons by Mr. Raymond Blackburn, 
chairman of the sub-committee on coal utilization, 
which led to important announcements on the re- 
organisation of research and development under the 
Minister of Fuel and Power, the efficiency of coal 
utilization and on smoke abatement. Representations 
were made during the year on the importation of 
scientific books and journals, on Anglo-American 
co-operation and President Truman’s Fourth Point, 
and on sera and vaccines for veterinary use. A sub- 
committee on technical education took evidence with 
the object of producing a report on technical educa- 
tion in sequel to those issued on scientific man-power 
and higher technological education. Other aspects of 
scientific man-power and technological education 
were raised by members of the Committee in the 
House of Commons during the year; but, while a 
sub-committee was appointed to consider the effect 
which the implementation of the Spens report would 
have on the scales for university salaries, no action on 
the part of the Parliamentary and Scientific Com- 
mittee was called for in view of announcements made 
by the Chancellor of the Exchequer on February 28 
and March 15, 1949. 


Turnover of Industrial Labour in Great Britain 


Tse British Institute of Management has now 
published an analysis of labour turnover statistics 
submitted by 187 undertakings, covering 215,499 
male and 94,875 female employees for the period 
January-June 1949, in mse to an invitation 
issued in November 1948 with the booklet of the 
Institute, “Labour Turnover’. The returns cover 
thirty-seven industry groups and thirteen localities. 
Three tables are given: the first lists the industry 
groups and shows the number of establishments in- 
cluded in each group, and a percentage analysis of 
leavers in various categories ; the second gives half- 
yearly totals for thirty-seven industry groups and 
five locality groups, showing the total number of 
leavers in each group for each of twenty-three reasons 
for leaving ; the third table gives the annual labour 
turnover-rate, the resignation-rate and the rate of 
resignations for works reasons. Analysis of this third 
table indicates the very low annual labour turnover- 
rate for both males and females in the oil and 
petroleum industry. By far the greater proportion of 
this low rate for both males and females is made up 
of resignations, and of these resignations less than 
forty per cent for men and less than thirty per cent 
for women are resignations for works reasons. In 
most industries the proportion of resignations among 
women is very high compared with discharges, and 
resignations for other than works reasons predominate, 
whereas among men a high proportion leave for works 
reasons. Full six-monthly analysis sheets for each 
industry group and, where possible, each locality 
group have been distributed to the undertakings 
participating in that industry and locality, and copies 
are available for inspection at the Institute. 


Sciences Modernes 

Tue first number of a new Belgian monthly, 
Sciences Modernes (pp. 32; Jumet-Charleroi: 4 rue 
Remoncheval, 1950; 250 francs a year), indicates 
that its appeal lies more particularly in the field of 
applied science; but it expects to find its readers 
among those who wish to be kept up to date with 
regard to developments in technology during and 
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since the Second World War. The editor, M. J. 
Georges, signalizes the present epoch as one in which 
pure science steps down from its academic seat and 
mingles with the workers in industry. He rightly 
senses that the latter have not at present the leisure 
to delve into the specialized journals in the hope of 
finding scientific facts that they may apply in their 
work. The moment should, therefore, be propitious 
to launch a review which will let the technician know 
what is being done in applied physics—more par- 
ticularly in electricity—and chemistry in language 
which, without despising the formula and the 
diagram, should be readily understood by him. The 
first number contains articles on the electrification 
schemes of the Belgian railways, a new thermo- 
dynamic cycle, motors for aircraft, the manufacture 
of photographic films, and the applications of 
thermionic valves—all, with one exception, by 
Belgian authors. They seem well written from the 
point of view of the reader, particularly of the young 
technologist in industry, and are calculated to show 
him the wide range which physical science now 
covers in its applications. In welcoming this new 
periodical, we note with interest that it is hoped soon 
to issue a version for English-speaking readers, as 
well as translations in Dutch and German, and to 
enlist the collaboration of men of science outside 
Belgium. 


The New Naturalist 

LrkE the second, the sixth number of the recently 
launched journal, The New Naturalist, is devoted to 
a natural region of the British Isles ; then, it was the 
Western Isles of Scotland, and now, in contrast, East 
Anglia. The multiplicity and complexity of the 
fauna and flora of the Broads and the Breck, marshes 
and the meres, swamps and shores of Norfolk and 
Suffolk have long made them the home of many of 
Britain’s most enthusiastic naturalists. Natural 
history societies were formed and working in Norfolk 
long before they had appeared in most other parts 
of Britain, and it is not surprising, therefore, that this 
issue of The New Naturalist should be of high standard. 
Prof. Darby, the fens historian, and J. N. Jennings 
and J. M. Lambert describe how the country has 
been changed by man, while Prof. J. A. Steers dis- 
cusses geological changes in the coast-line. E. A. 
Ellis and Dr. A. S. Watt consider the natural history 
of the Broads and the Breck, while the special prob- 
lems presented to students by a group like the rushes 
are elaborated by Dr. Paul Richards. Two well- 
known naturalist families in East Anglia are repre- 
sented by the late Dr. R. Gurney and Major A. 
Buxton, who write about aquatic life in the Norfolk 
Broads and sportsmen’s activities in Norfolk respect- 
ively. Dr. E. A. R. Ennion shows how much Flatford 
Mill Field Centre is contributing to the development 
of natural history studies in East Anglia, and Dr. D. 
Lack introduces an ornithological examination paper 
which was recently ‘set’ at a social evening in Oxford 
and which should provide many ornithologists with 
much diversion but few marks. The illustrations 
have been chosen with keen discrimination and 
executed to give delight to all who see them. 








Horticulture of Aroid ‘Lilies’ 

THe American Plant Life Society has devoted 
Volume 4 of “Plant Life’’, its year-book for 1948 
(Stanford, Calif. ; n.p.), to the aroid or calla ‘lilies’. 
Chief among the various regional and floristic papers 
is a detailed description of species of the genus 
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Zantedeschia, by Dr. Hamilton P. Traub. This genus 
was proposed by Sprengel in 1826, to accommodate 
the South African species of the Linnwan genus 
Calla. Fight species are described in detail, with 
illustrations, and many garden forms and hybrids 
are also mentioned. A key is provided, and horti- 
culturalists should find much useful knowledge in 
this paper. 


Scientific Papers Published in the Middle East 

Tue fourth number of the “List of Scientific Papers 
published in the Middle East’? (pp. 72; Cairo: 
Unesco Science Co-operation Office, Middle East, 
November 1949) appeals for the co-operation of all 
men of science in the Middle East to make the List 
a really complete bibliography by directing attention 
to occasional scientific publications, irregular series 
and books published in the region and assisting in 
obtaining copies. In principle, this publication con- 
tains only original works, or works with original data, 
of value to scientific workers, and the present number 
covers the period March 15-October 1, 1949. It is 
arranged on the same lines as previously: a list of 
periodicals and serials, arranged by countries, pre- 
ceding the list of scientific papers arranged by 
Universal Decimal Classification classes. 





Mathematical Periodicals for Yenching University 


Pror. E. R. Lapwoop, of the Department of 
Mathematics, Yenching University, Peking, writes on 
behalf of the University asking for help in filling gaps 
in the library. He asks particularly for sets of the 
Proceedings and Journal of the London Mathematical 
Society before 1939, and one or two later numbers ; 
also for volumes of the Mathematical Gazette before 
1920 and various subsequent numbers. Mr. E. 
Cunningham, 141 Huntingdon Road, Cambridge, 
acting for the China Christian Universities’ Associa- 
tion, would be glad to hear from any who could help 
to supply these needs. 


Botanical Society of the British Isles : Conference 


TxE Botanical Society of the British Isles is organis- 
ing a conference on “Aims and Methods in the Study 
of the Distribution of British Plants’’, to be held 
during March 31—April 2 in the lecture room of the 
Royal Horticultural Society’s New Hall, Greycoat 
Street, Westminster, London, 8.W.1. April 2 will be 
devoted to a field meeting in Quendon Woods, 
Essex, to study the oxlip (Primula elatior). The con- 
ference will be preceded by the annual general 
meeting of the Society on March 30 at 5.30 p.m. in 
the rooms of the Linnean Society, Burlington House, 
Piccadilly, London, W.1. All inquiries regarding 
these meetings should be addressed to the Honorary 
General Secretary of the Society, c/o Department of 
Botany, British Museum (Natural History), Cromwell 
Road, London, S.W.7. 


Rheological Problems in Biology 

An international colloquium on rheological prob- 
lems in biology (see Nature, December 24, 1949, 
p- 1078) will be held in Lund during July 
26-28, and sessions will be devoted to general 
properties of protoplasm, mechanics of muscular 
contraction, flow of blood, and translocation of 
nutrients in plants. Since the object of the col- 
loquium is the exchange of ideas between biologists 
of widely different fields of work, it is desirable that 
communications should be of a fairly general character 
and need not deal wholly with recent and unpublished 
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work. Further details can be obtained from: Prof. 
A. Frey-Wyssling, Pflanzenphysiologisches Institut, 
Zurich ; Dr. G. van Iterson, Baarn, Holland; or 
Dr. P. Eggleton, Physiology Department, University 
of Edinburgh. 


Summer Schools in Relaxation Methods 


Summer schools in relaxation methods were held 
in the Imperial College of Science and Technology, 
London, during the long vacations in 1945-8, 
and in the University of Michigan in 1949. Their 
success has encouraged the provision of similar 
courses in both Britain and the United States in 
the coming long vacation, and the programme will 
cover lectures and practice on the numerical solution 
of linear algebraic equations, framework problems, 
Laplace’s and Poisson’s equations, the biharmonic 
equation, eigen-value problems, the heat-conduction 
equation, etc. The course in Britain will be at the 
Imperial College of Science and Technology, South 
Kensington, London, 8.W.7, during August 29— 
September 22; the foe will be £5, and further par- 
ticulars can be obtained from D. N. de G. Allen at 
the Imperial College. In the United States the course 
will occupy six weeks in June and July at the Virginia 
Polytechnic Institute, Blacksburg, Va., and inquiries 
should be addressed there to Prof. D. H. Pletta. 


University of London: Appointments 


Tue following appointments in the University of 
London have been announced: Dr. E. K. Rideal, 
lately director of the Davy Faraday Research 
Laboratory and Fullerian professor of chemistry in 
the Royal Institution, to the University chair of 
chemistry tenable at King’s College, from August 1, 
1950; Dr. H. J. Eysenck, to the University reader- 
ship in psychology with special reference to psychiatry 
tenable at the Institute of Psychiatry, from February 
1, 1950. 


University of Leeds: Appointments 

THe following appointments have recently been 
made in the University of Leeds: Dr. F. W. Spiers, 
lecturer in medical physics in the Department of 
Radiology and Radiotherapy, to the newly instituted 
chair of medical physics; Dr. N. H. Hartshorne, 
lecturer in chemical miqroscopy, to be reader in 
chemical microscopy; Mrs. Georgiana M. Bonser 
and Dr. L. L. Dmochowski, lecturers in the Depart- 
ment of Experimental Pathology and Cancer 
Research, to be readers in cancer research. 


University of Sheffield 


Unpver the terms of the will of the late Prof. D. 
Knoop, professor of economics in the University of 
Sheffield during 1920-48, the residue of his estate 
was left to the University to be used for the pro- 
motion of the study of economics and economic 
history. With this object in view, the University 
Council has established Douglas Knoop research 
fellowships (£425 a year) and the Douglas Knoop 
research studentships (£300 a year), in economics and 
economic history. It is hoped that appointments will 
be made in time for the new Fellows or Students to 
take up residence in October of this year. The West 
Riding County Council has made an additional grant 
of £1,500 a year to the University to further the 
study of microbiology and in particular towards the 
chief lectureship in this subject in the University. 
The title of emeritus professor has been conferred 
upon Dr. B. M. Laing, who retired from the chair of 
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philosophy at the end of last session. Dr. S. F. 
Dicker has been appointed lecturer in physiology in 
the University. 


Iron and Steel Institute : Medals and Prizes 


Tue Iron and Steel Institute has recently awarded 
the following medals and prizes: Bessemer Medal for 
1950, to Mr. James Mitchell (honorary treasurer, 
Stewarts and Lloyds, Ltd.), in recognition of his 
distinguished contributions to the technical develop- 
ment of the iron and steel industry; Sir Robert 
Hadfield Medal for 1950, to Mr. G. D. Elliot (Appleby- 
Frodingham Steel Co., Scunthorpe), in recognition 
of his contributions in practice and theory to the 
development of blast-furnace operation ; A Carnegie 
Silver Medal for 1949, to Mr. N. H. Polakowski 
(University College, Swansea), for his Andrew Car. 
negie research report on ““The Compression Test in 
Relation to Cold Rolling” ; Williams Prize for 1949, 
jointly to Dr. D. F. Marshall and Mr. H. C. White 
(Park Gate Iron and Steel Co., Ltd., Rotherham), 
for their paper on ““The Conversion to Oil Firing of 
the Open-Hearth Furnace at Park Gate Works” ; 
Ablett Prize for 1949, jointly to Mr. E. L. Diamond 
(British Standards Institution; formerly British 
Iron and Steel Research Association, London) and 
Mr. A. M. Frankau (British Iron and Steel Research 
Association, London), for their paper on “Present 
Methods of Open-Hearth Furnace Charging’’. 


Announcements 

WE regret to announce the death on March 18, at 
the age of sixty-six, of Sir Norman Haworth, F.R.S., 
lately professor of chemistry and director of the 
Chemistry Department in the University of Birming- 
ham. 


THE title of emeritus professor in the University 
of Durham has been conferred on Prof. David Burns, 
recently professor of physiology in King’s College, 
Newcastle upon Tyne (University of Durham). 

THE title of emeritus professor in the University of 
Birmingham has been conferred on Prof. G. Haswell 
Wilson, formerly professor of pathology, and Prof. 
L. J. Wills, formerly professor of geology and min- 
eralogy. The following appointments in the University 
have also been announced: Mr. 8S. Marchant to be 
lecturer in geology, and Dr. R. L. Whitmore to be 
lecturer in coal treatment. 


Dr. Ivor Isaac and Mr. G. T. Goodman have been 
appointed lecturer in botany and assistant lecturer 
in botany respectively in the University College of 
Swansea. 

THe Surgeon-General of the U.S. Army has 
announced that it has been decided to discontinue 
the “Index-Catalogue of the Library of the Surgeon- 
General’s Office”. 


Tue third Conference on the Education of the 
Young Worker will be held in Magdalen College, 
Oxford, during August 12-18. The main subject of 
investigation and discussion will be “The Young 
Worker in the Job: Initial and Continuing Educa- 
tion”. Further information can be obtained from 
the Director, University Department of Education, 
15 Norham Gardens, Oxford. 


Erratum.—In the communication on the photo- 
degradation of starch by Frank Baker and W. J. 
Whelan in Nature of March 18, p. 449, the wave- 
length of light used was 2537A., not 3660A. as 
printed. 
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THE ‘WINTER CHECK’ 


ON TROUT SCALES 


URE 473 


IN EAST AFRICA 


By Dr. VERNON D. VAN SOMEREN, M™.B.E. 


River Research and Development Centre, P.O. Nyeri Station, Kenya Colony 


ARIOUS factors have been suggested as being 

the cause of the annual ‘winter check’ on salmonid 
scales. Shorter daylight in winter, low water temper- 
atures, lowered food supplies, low temperature 
causing cessation of feeding, an inherent growth- 
rhythm, or the onset of maturity have all been 
supposed by various workers to be responsible for 
the temporary lowering of growth-rate which is shown 
as the closer spacing of the scale circuli. 

Under experimentally controlled conditions, Bhatia’ 
found that the production of periodic zones on rain- 
bow trout scales was dependent neither on an inherent 
rhythm nor on seasonal temperature changes, but was 
entirely or primarily dependent on abundant or de- 
ficient food supplies. On the other hand, Brown’, using 
specific growth-rate as the criterion, found that brown 
trout of two years old, kept under constant temper- 
ature conditions and in the absence of variation of any 
other environmental factor, showed an annual cycle 
of growth with an autumn check at two years, rapid 
growth next spring, slower summer growth, and 
another autumn check coinciding with the maturation 
of the gonads at three years old. Hartley* has also 
suggested that, in certain non-salmonid fish, the scale 
checks which are found mainly in summer are 
maturity or spawning checks, since these fish spawn 
in summer, the checks found on the scales of 
immature fish being doubtless due to some innate 
physiological rhythm. From his figures there appears 
to be no relation between percentage of fish showing 
checks at the scale edge, and the variation in feeding 
intensity from month to month. 

In temperate regions under natural conditions, it is 
difficult to separate the various possible causes, since 
in salmonids maturity and spawning are coincident 
with the season of lowest water temperatures, as well 
as perhaps a temporary cessation of feeding, although 
food supplies are not necessarily lowest. In East 
Africa, on the other hand—in Kenya Colony situated 
astride the equator—the climate is also temperate 
between altitudes of 6,000 ft. and 8,000 ft., but is 





very equable. The only major variation is between 
wet and dry seasons ; the duration of daylight varies 
by about 30 min. only during the year, and mean 
river-water temperatures by.seldom more than 4° F. 
from month to month. Bottom food supplies in the 
rivers vary according to the rainy seasons, being 
maximal in the low water of the dry January—March 
season and minimal in the flood season of April-— 
November‘. 
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In spite of the relative equability of the environ- 
ment, the rainbow trout, which were first introduced 
into Kenya rivers some forty years ago, show an 
annual spawning rhythm, spawning mainly in July— 
August; although the ‘turn-over’ is by no means 
sharp, and immature, spawning or spent fish may be 
found at any time of the year. Scales from these trout 
show in most cases well-defined ‘winter checks’, which 
are annual in occurrence and can be used for growth- 
rate calculations‘. 

The accompanying graph, which is constructed 
from the figures in Table 1, shows the relationship 














Table 1 
1948 1949 
. Total 
Month 4 M. gz | J. A. 8. | oO. a -4—-ae 2 Be F. M. A observa- 
| | | | tions 
Se ~ale checks | | =" ‘, 
No. of fish 23 13; 37 37 20 | 2 | 28 | 46 23 9 21 | 32 |; 27 345 
% fish with checks at scale | | } | | 
edge 48 38 | 65 54 40 | 65 79 | 61 56 | 44] 52 59 33 
Fish condition | | | | ae 
No. of fish 23 15 37 | 38 21 29 29 46 | 26 9/ 21/ 30] 2 353 
% fish ripe,spawning,spent | 48 | 33 46 | 53 | 48 49 | 73 | 52 | 62 44) 62 | 70 | 45 | 
F beeding intensity | | 
0-0-80-0 cm. fish 
No. of fish | 9} | 2) ss | 14] 20] 19] | 18] 7] 18] 2) 22} 265 | 
Aver. No. of animals per | 
stomach 44 27 27 46 49 241 33 61 | 11 13 27 | 41 193 | 
Bottom food supply | | ; = 
No. of samples 18 21 21 15 18 24 24 27 27 | 3 ST 3 | 207 
| __Aver. No. of animals per sq.ft. | 122 94 | 136 | 214 | 121 | 121 | 113 | 126 | 106 | 247 | 164 | 183 | ni 
Water temperature | | 
No. of observations 60 | 62 | 60 | 62] 62 | 6 | 62 | 6 | 62 | 62 | 56/| 62 | Go| 79 
Av. mean temp. (° F.) 58-7 57-4 | 60-1 | 59-5 | 62-4 | 62-3 Gi-l | 57-2 | 59-1 58-1 } 58-4 60-7 59-7 | | 
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between the percentage of rod-caught fish in the 
Sagana River (lat. 0° 22’ S.), which show these 
checks at the scale edge each month to (a) the per- 
centage of fish in each month which were ripe, 
spawning or spent, (b) the feeding intensity of the 
fish each month, (c) the food available in the river 
each month, and (d) the mean monthly water 
temperatures for the period under study (April 
1948-April 1949). 

Since the stomachs of rod-caught rainbows in this 
river are almost always full on capture, it is impos- 
sible to estimate feeding intensity by a value for 
‘fullness’; therefore, the average number of food 
animals per stomach has been calculated for fish in 
the 20-0-24-9 om. group, and for the 25-0-30-0 cm. 
group. Since the variation in values obtained for the 
two size-groups is almost identical from month to 
month, the graph for feeding intensity has been 
drawn from the results of the two groups combined. 
The variations shown in monthly feeding intensity, 
and in food supply available, are due to other causes 
which will be described elsewhere, and have shown a 
similar annual cycle for the two and a half years 
they have been studied. The three peaks in the 
graph for percentage mature fish are referable to 
ripe, spent, and spent fish in general. 

It is clear from the graph that the percentage 
occurrence of checks at the scale edge each month is 
closely correlated with gonad state, r having the 
significant value of 0-963; there is little doubt that 
the annual slowing of growth as indicated by the 
check is due to the maturation of the gonads. The 
occurrence of the check shows no correlation with the 
other variable factors of feeding intensity, food avail- 
able, or water temperature, the calculated values of 
r in each case having no significance. 

As in the leuciscids and cyprinids studied by 
Hartley (loc. cit.), therefore, the salmonid scale check 
is @ maturation mark. Additional support for this 
has been obtained in a different manner by examining 
seales from trout trapped while migrating in the 
river. At this Research Centre, a barrier trap has 
been erected across the width of the river, which 
catches all fish moving either up or down. In the 
‘long rains’ season of April-June, whenever the river 
rises in flood, there is a considerable simultaneous 
movement of trout up and down the river. It has 
been found by gonad exanfination of trapped samples 
that the trout running up are all ripening or ripe 
fish ; while those moving down are immature, except 
during July-September, when the downstream catches 
are largely spent fish. 








Table 2 
Upgoing fish Downgoing fish 
No. | % with checks | No. | % with checks 
| at seale edge | at scale edge 
April 1948 50 | 60 | 35 | 23 
May 60 72 57 26 
June 55 95 | 20 | 50 





Results of scale analyses of all such fish trapped 
during April-June 1949 are shown in Table 2. It 
will be seen that the greater, and increasing, per- 
centage of upgoing fish each month show a check at 
the scale edge, whereas the greater percentage of 
downgoing fish show plus growth at the scale edge, 
except in June, when some may have been spent 
fish. Some downgoing immature fish would in any 
event be expected to show checks for reasons explained 
below. Since both downgoing and upgoing trout 
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would be subject at the time of simultaneous capture 
to entirely the same water temperatures and food 
conditions, and the trap merely separates them 
according to their physiological state, it seems clear 
again that only their different physiological states can 
be responsible for the observed, differences in the 
scales of the two series; in fact, that the check is 
again due to gonad maturation only. 

Most Kenya rainbow commence spawning at two 
years old, but the fact that one-year old fish also sho 
a check indicates some internal rhythm which fore 
shadows the spawning rhythm of the adult, although 
the gonads do not necessarily mature fully and the 
fish is not urged to move upstream. It is interesting, 
in fact, to note that, as in salmon, many cock rain 
bows in Kenya will ripen at one year old, enough to 
express milt at that age; the scales of these sma!! 
cocks always show a clear one-year check and even 
severe erosion, whereas one-year hen fish (which dv 
not ripen so readily) or maiden hens of two years old 
and more show checks which, although present, are 
not so clearly defined as in the cocks. Scales from 
maiden hens are not easy to read, the first year often 
being particularly doubtful. 

The width of the check has not yet been examined 
in relation to the state of the gonads within the serics 
ripening-ripe-spawning-spent. There is probably 
some relationship between check-width and the 
actual stage reached in the maturation cycle, and it 
is possible that many of the fish still showing plus 
growth in winter in temperate regions are, in fact, 
late-maturing fish. 

A fuller report of this work will be published else. 
where, but in the meantime I am indebted to Mr. H. 
Copley, fish warden of Kenya Colony, for helpful 
advice and permission to publish this preliminary 
note. 

* Bhatia, D., J. Exp. Biol., 9, 6 (1932). 

* Brown, M. E., J. Exp. Biol., 28, 130 (1946). 

* Hartley, P. H. T., Proc. Zool. Soe., 117, 129 (1947). 
*van Someren, V. D. (unpublished results). 


GENERATION AND 
AMPLIFICATION OF WAVES IN 
DENSE CHARGED BEAMS UNDER 
CROSSED FIELDS 


By Dr. O. BUNEMAN 
Atomic Energy Research Establishment, Harwell 


STUDY has been made of dense beams of 
charged particles in crossed electric and mag- 
netic fields, under geometrical conditions rather 
simpler, yet more general, than in the magnetron 
(for which a detailed theory exists'.*). The mechanism 
responsible for magnetron oscillations was found to 
be effective under the new conditions and in no way 
dependent on the peculiarities and complications of 
magnetron geometry. The mechanism thus acquires 
@ more fundamental significance and might, tenta- 
tively, be added to the list of mechanisms cited as 
possible explanations of solar noise*-*. 

Oscillations were obtained as the outcome of 
ordered motion of charge under the external fields 
and purely long-range Coulomb forces. There is no 
need to invoke collision phenomena, high temper- 
atures or interaction between charges of two kinds 
(such as ions and electrons in plasmas). Moreover, 
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the process is purely 
electrostatic (the vel- 
ocity of light does not 
enter) and can occur at 
low fields and low fre- 
quencies. 

In crossed fields (B 
in the z-direction, EF in 
the 2#-direction, see dia- 
gram) charges can move 
in the y-direction at 
uniform velocity v 
E/B. In general, there 
will be periodic devia- 
tions from this uniform 
drift, but these we shall 
treat as perturbations 
later. In heavy beams, 
E cannot remain con- 
stant across the beam 
and v will therefore 
vary over a range Av 
about a mean value 0 
from one beam edge to 
the other. If all charges 
originate from a com- 
mon emitter at z 0, 
absence of longitudinal 
fields leads to v=2r for, 
where f, is the cyclo- 
tron frequency eB/2-m 
(2-8 Me. per gauss for 
electrons). The D.c. 
potential relative to 
the emitter then follows 
the cut-off parabola V = 
2n*(m/e)f,2x* (=1-12 x 
10-“*f,*2* for electrons, 
using volts, cm. and 
sec.) across the beam 
and tangents to this 
parabola outside (see 
upper part of diagram). For given positions and poten- 
tials of the electrodes between which the beam travels, 
one can then calculate the positions of the beam 
edges and the velocity interval. The beam density 
is ceB*/m (from which it follows that the ‘plasma 
frequency’ is f, throughout—in the cylindrical mag- 
netron it varies) and the beam current 4n*e(m/e)vArf, 
per unit width in the z-direction (= 2 x 10™*"v Arf, 
for electrons, using amp., cm. and sec.). This is the 
current accepted by the space between the electrodes. 

The beam so constructed corresponds to the 
‘Brillouin steady state’ in magnetrons. It is perhaps 
slightly artificial in concept, because no transverse 
motion is admitted ; but it is self-consistent and repre- 
sents a convenient state for the application of 
perturbation methods. 

Allowing, in the first place, only transverse per- 
turbations of the beam shape which do not change 
with time, one finds non-interpenetrating orbits which 
resemble trochoids (for zero density the beams are, 
of course, trochoidal). As perturbations are additive, 
we may say that the further perturbations discussed 
below apply to these quasi-trochoidal beams as well 
as to the original straight one. However, the streams 
being non-interpenetrating, it would be rash to 
generalize the results to looping trochoids. 

Perturbations in time were found to be propagated 
along the beam with a phase velocity somewhere 
within the range of the particle velocities. Even 
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between close plates, frequencies far below electro- 
magnetic cut-off can be propagated, the beam acting 
as a sort of dielectric loading. The frequency f must 
be of the same order of magnitude as f, but need not 
be identical with it. For a narrow velocity-band, 
namely, when Av/v is rather less than }/,//, the 
wave-velocity is actually v. As the particle-velocity 
band-width increases, the wave velocity can adopt 
two possible values which eventually tend to 
(v+ $Av)/(1 + 0-54 f,/f). These final wave-velocity 
values apply with fair accuracy provided they turn 
out to be less than about }fAv/f,. The figure 0-54 
in the formula is the result of some elaborate cal- 
culations. The intermediate case between ‘narrow’ 
and ‘wide’ velocity-bands is too complicated to 
present in a brief summary. 

If a given frequency is injected into the system at 
one point along the beam, the above expressions for 
the wave-velocity determine the wave-length with 
which the periodic disturbances spread along the 
beam. They will be amplified downstream, the power 
increase in decibels per cycle being 27-3Av/¥ in the 
case of the narrow velocity-band and 3-4/,/(/ +0-54/,) 
in the two wide-band cases, provided external losses 
are negligible. 

If, on the other hand, the wave-length is fixed by 
external geometry, for example, by linking one end 
of the beam to the other through an external circuit 
or by bending the geometry into a re-entrant one as 
in magnetrons (and locking the beam to a definite 
mode of a set of resonators), the above expressions 
for the wave velocity, ?f, detérmine the frequency /. 
The amplitude will then increase spontaneously with 
time, the power-increase in decibels per cycle being 
27-3 Av/® (as above) in the case of the narrow velocity- 
band and 3-4/,/f in the two cases of the wide velocity- 
band. 

The oscillating fields die off like exp(+2ra/A) on 
either side of the beam, and the numerical results 
quoted will have to be modified when there is less 
than about half a wave-length space between beam 
edge and electrode, as on the cathode side of the 
magnetron. The induced magnetic field is in the 
z-direction (like the applied field). The longitudinal 
electric field changes phase across the beam by about 
4x for narrow bands, decreasing as uhe band-width 
increases. The phase change of the transverse electric 
field and the magnetic field, correspondingly, is —}r, 
tending towards —r. 

The transfer of energy from the p.c. fields to the 
oscillating fields depends on the particles successfully 
breaking through the magnetic barrier and eventually 
reaching an electrode. In the planar geometry there 
does not exist a threshold condition similar to that 
which I derived for cylindrical magnetrons*. But one 
can make efficiency estimates on a similar basis and 
find that efficiencies of the order of 50 per cent or 
higher are possible. 

There are some resemblances between the results 
presented here and Haeff’s’*. But there are two 
essential differences: Haeff’s analysis implies an 
infinitely strong longitudinal magnetic field, thus 
eliminating transverse motion, whereas here we have 
a finite transverse magnetic field and take into 
account transverse motion; also there is lateral 
staggering of streams of different velocities and a 
continuous velocity spectrum in the present case, 
whereas Haeff assumes discrete velocities of super- 
imposed beams. 

In so far as the interaction of streams with different 
velocities is at play in beams under crossed fields, 
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Haeff’s*® speculation as to the cause of magnetron 
phenomena is superficially correct. The detailed 
theory in explanation of these phenomena had, 
of course, been worked out in 1944 (refs. 1 
and 2). 

As a means of generating or amplifying micro- 
waves, the device investigated (plane electrodes, 
no resonators or corrugations) is attractively 
simple. How far the system is representative of 
conditions on the sun’s surface remains to be 
looked into. 

Acknowledgment is made to the Director of the 
Atomic Energy Research Establishment for giving 
permission for the publication of this note. 


'C.V.D. Report Mag., 37. 
* Collins, “Microwave Magnetrons”, sect. 6.7 (McGraw-Hill, 1948). 
Martyn, D. F., Nature, 159, 26 (1947). 
_ I. 8., Nature, 159, 752 (1947). 
. V., Phys. Rev., 75, 1546 (1949). 
, V. A., Phys. Rev., 75, 1104 (1949), and papers referred to. 
.. and Gross, B. P., Phys. Rev., 75, 1864 (1949). 
. . Soe, A, 6B, 483 (1949). 
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POPULATION OSCILLATIONS 
CAUSED BY COMPETITION FOR 
FOOD 


By Dr. A. J. NICHOLSON 


Division of Entomology, Commonwealth Scientific and 
Industrial Research Organisation, Canberra 


ROM a study of larval competition it was con- 

cluded! that populations of Lucilia cuprina 
should oscillate continuously in a constant environ- 
ment. This conclusion has now been confirmed by 
experiments which will be described fully elsewhere. 
It is illustrated by the accompanying graph, which is 
based on a culture of flies kept at a constant temper- 
ature of 25° C. Fifty grams of meat was supplied 
every second day, and ample fresh water and dry 
sugar for the adults were.always present in the cage. 
The sinuate line records the fluctuation of the adult 
population with time, while the small circles and 
vertical lines represent the number of flies (if any) 
that developed from the meat exposed on the day 
indicated, these flies contributing to the adult 
population in the cage about two weeks later. 
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The graph shows that, except when the population 
is increasing rapidly and so consists mainly of 
immature flies, no adult offspring are produced when 
the number of flies exceeds about 300; but many 
are produced at appreciably lower numbers, with a 
maximum when the parents approximate to 50. 

This broadly inverse relation between the numbers 
of parents and of adult offspring represents a density. 
dependent reaction which would maintain a stable 
population if it operated promptly. But, because 
reaction remains latent until the larve have developed 
into egg-laying flies, it does not oppose initiation of 
further reaction in the same direction for a period of 
about two weeks. Consequently, there is a gross 
overshooting of the equilibrium position, which leads 
in turn to a subsequent overshooting in the opposite 
direction ; and so cycles of increase and subsequent 
decrease in abundance continue indefinitely. To be 
more explicit, the larve produced by small numbers 
of flies find adequate food and so can metamorphose, 
thus producing large numbers of adults; these lay 
so many eggs that all food is eaten before any of the 
developing larve are big enough to metamorphose 
successfully ; then, there being no new accessions, 
the adult population progressively diminishes until it 
is once more small, when the cycle begins again. 

Oscillations similar to those in the graph were 
obtained in several other such experiments in which 
adults and larve had access to the same meat. 
Analysis showed that competition was almost com. 
pletely confined to the larve, for even at the highest 
densities the flies obtained sufficient protein to 
develop their eggs. 

In another series of experiments, competition for 
food was confined to the adults. These were regularly 
given @ separate small supply of protein, and were 
excluded from the larval food, which was main- 
tained in excess at all times. As with larval 
competition, violent oscillations in adult density 
were produced. 

In these experiments it was found that the number 
of eggs laid fell progressively to zero as adult density 
increased above a certain level. There must be, 
therefore, a steady density at which the number of 
eggs laid balances mortality; but this was not 
attained in the experiments for, even when the 
density of flies was much below it, the offspring 
produced greatly exceeded the steady density. These, 
in turn, laid few or no eggs because the flies were so 
numerous that few, if any, obtained sufficient food 
for egg development. The observed oscillations were 
due to the lag and to the violence of these density- 
dependent reactions. 

With populations of yeasts and of 








certain Protozoa’, the reproductive- 
rate also falls with increasing den- 
sity; but these micro-organisms, 
by budding or fission, produce off- 
spring that immediately compete 
for food with the mature individ- 
uals. There being no significant 
delay in the operation of reaction, 
there is no tendency to overshoot 
the steady density, which is there- 
fore approached asymptotically. 
As animals higher than the 
Protozoa usually produce many off- 
spring even when on the verge of 
starvation, and as their offspring 
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time, their populations might be expected to oscillate 
like those of Luctlia rather than to grow logistically 
like yeast populations. The fact that they have not 
previously been recorded as doing so is only partly 
due to the paucity of appropriate experiments ; for, 
as the following discussion shows, food limitation 
may produce other effects, and other kinds of factors 
may supplement or completely replace competition 
for food as the dominant controlling agency’®. 

Populations of animals with low rates of repro- 
duction may not be inherently oscillatory when 
controlled by competition for food, for there is 
evidence’ that, if Lucilia had a power of increase of 
less than twice per generatioa, its population would 
approach the steady density asymptotically. Data 
obtained in the Lucilia experiments also indicated 
that if larval and adult competition for food operate 
together, increasing larval mortality, combined with 
falling fecundity with increasing density, may so 
check multiplication that little or no overshooting 
of the steady density occurs. According to the relative 
intensities of the two kinds of competition, sustained 
oscillation of reduced amplitude, damped oscillation, 
or asymptotic population-growth would be produced. 
It is suggested that such interference between the 
two oscillation systems caused the stability of the 
Drosophila populations studied by L’Heritier and 
Teissier*, for the high larval mortality they record 
indicates both direct control by food and a high 
reproductive-rate that otherwise would cause oscilla- 
tion. 

The prompt destruction of starvation-weakened 
surplus animals by inimical environmental factors 
can prevent oscillation and limit the population a 
little below the maximum density permitted by the 
available food. Predators that cannot readily attack 
vigorous prey may exercise such control, their own 
populations then being limited at a level indirectly 
determined by the food supply of their prey. 

When healthy prey are readily attacked by 
predators, it is the space-property of the food, not 
nutriment, that is decisive. Thus entomophagous 
parasites search over the surface of food plants for 
their hosts, and make these so scarce that barely 
sufficient can be found by the parasites to maintain 
their own numbers. The densities of parasites and 
hosts oscillate both in space and in time, the general 
level of the hosts being held far below that permitted 
by available nutriment*. 

Density-dependent reaction to the space-property 
of food is also dominant in the control of populations 
of those stored-product insects that have been studied 
experimentally. Frequency of contact is the critical 
factor, fecundity falling and egg-destruction increasing 
with density*:*. The fact that near-constant adult 
populations were obtained in some experiments’ with 
Tribolium, whereas in others there was marked 
oscillation®, is presumably due to fecundity and 
mortality being affected by population-density in 
different relative degrees in the experiments (cf. 
Lucilia and Drosophila). The oscillations of various 
amplitudes observed in populations of Trogoderma', 
Gnathoceros*, and Callosobruchus* appear to have a 
similar underlying cause. 

Behaviour reactions of animals may also pro- 
foundly affect populations. Thus intra-specific strife 
induced by dearth of food or of favoured situations, 
and often accentuated by the territory habit, causes 
the death of the weaker animals or prevents these 
from successfully rearing offspring’®, so tending to 
stabilize populations ; whereas mass migration in- 
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duced by high densities, as with locusts, causes 
violent long-period oscillations. 

Occasionally change in the physical environment 
is dependent on density. Thus crowding of Rhizo- 
pertha™ causes the infested grain to reach a barely 
tolerable temperature, so limiting reproduction to 
the replacement-rate ; and Daphnia"? populations 
oscillate because of delayed effects of oxygen depletion 
or of the accumulation of metabolites. 

It is evident from this discussion that populations 
do not conform to any single pattern, such as the 
logistic curve; but there is a single dominant con- 
trolling mechanism, namely, density-dependent re- 
action. This governs the general levels of populations, 
usually in some relation to the availability of food ; 
and it produces stability or oscillation mainly accord- 
ing to the degree of delay between the initiation of 
reaction and its effective operation. 
mena Pa Sere! ono of meena 


* Gause, G. F., “The Struggle for Existence’ (Williams and Wilkins 
Co., Baltimore, 1934). 

* Nicholson, A. J., Report of the 26th Meeting of the Australian and 
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pp. 134-148 (1947). 
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NEW SOUTH WALES UNIVERSITY 
OF TECHNOLOGY 


HE laying of the foundation stone of the New 

South Wales University of Technology at 
Kensington, near Sydney, took place on Saturday, 
February 25. In brilliant sunshine, representatives 
of the Australian universities, accompanied by dis- 
tinguished visitors, walked in academic procession 
to the dais, where the foundation stone was set by 
the Governor of New South Wales, Lieutenant- 
General John Northcott. The premier of New South 
Wales, the Hon. J. McGirr, unveiled a tablet com- 
memorating the incorporation of the University by 
Act of Parliament. The Minister for Education, the 
Hon. R. J. Heffron, who had been closely associated 
with the development of the N.S.W. University of 
Technology since its inception in 1947, also took part 
in the ceremony. 

More than one thousand people attended the 
ceremony ; among the distinguished guests present 
were Lord Nuffield, ministers and members of both 
Federal and State Parliaments (the Prime Minister 
being represented by the Hon. E. J. Harrison, 
Minister for Defence), the Deputy Premier of New 
South Wales, the Hon. J. J. Cahill, Minister of 
Public Works, the High Commissioner for the 
United Kingdom, a number of other consular repre- 
sentatives and many senior executives and managers 
of industrial and commercial organisations. Among 
the university representatives present were Sir 
Charles Blackburn, chancellor, and Mr. Justice E. D. 
Roper, deputy chancellor, of the University of Sydney, 
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and Prof. R. C. Millis, chairman of the Interim Council 
of the Australian National University, Canberra, Sir 
John Medley, vice-chancellor of the University of 
Melbourne, Prof. D. B. Copland, vice-chancellor of 
the Australian National University, Canberra, Prof. 
G. A. Currie, vice-chancellor of the University of 
Western Australia, Prof. 8. H. Roberts, vice-chan- 
cellor of the University of Sydney, Prof. J. J. Stable, 
president of the Professorial Board, University of 
Queensland, and Prof. T. Hytten, vice-chancellor of 
the University of Tasmania. 

The president of the University, Wallace C. 
Wurth, announced three grants made to assist the 
work of the University. Lord Nuffield had provided, 
through the Nuffield Foundation, a Nuffield research 
professorship for mechanical engineering from a grant 
totalling £25,000 sterling over ten years. Such a 
research professorship in mechanical engineering is 
unique in the British Commonwealth, and this is the 
first occasion on which the Nuffield Trust has en- 
dowed a research professorship outside the British 
Isles. A sum of £15,000 has been provided by the 
mining companies at Broken Hill towards the pro- 
vision of senior staff in mining engineering. The 
Commonwealth Government has approved the allo- 
eation of £20,000 over two years to assist the 
University in research work. 

When laying the foundation stone, H.E. the 
Governor made special reference to the fact that, 
whereas in the past Britain has shown a lead to the 
Dominions in most matters, in the establishment of 
the first university of technology in the British 
Commonwealth, New South Wales has not only given 
a lead to the other Australian States, but also to the 
mother country. This is most appropriate in view 
of the increasing industrial development of Australia 
and the status that country now has in the affairs of 
the British Commonwealth. 

An interesting feature of the proceedings was the 
delivery in turn by vice-chancellors of the Australian 
universities of messages of greeting to the new Univer- 
sity. Mr. A. Denning, director of the University, read 
a number of messages which had been received from 
leading world universities and technological in- 
stitutions overseas. These included greetings from 
President Killian, of the Massachusetts Institute of 
Technology in the United States; President Pall- 
mann, of the Zurich Institute of Technology; Sir 
Edward Appleton, vice-chancellor of the University 
of Edinburgh; Sir Raymond Priestley, vice-chan- 
cellor of the University of Birmingham ; Dr. David 
S. Anderson, director of the Royal Technical College, 
Glasgow ; Prof. O. A. Saunders, professor of mech- 
anical engineering in the Imperial College of Science 
and Technology, University of London; and Prof. 
Eric Ashby, vice-chancellor elect, University of 
Belfast. Messages were also received from Lord 
Eustace Percy, rector of King’s College, University 
of Durham, and Mr. L. B. Robinson, managing 
director of the Zine Corporation Group of industries, 
London. A nal message was read from Prof. 
M. L. Oliphant, Poynting professor of physics in 
the University of Birmingham, who will go to Aus- 
tralia in 1951 as director of the Research School in 
Physics of the Australian National University. After 
pledging his co-operation with the N.S.W. University 
of Technology, he stated that the occasion of the 
laying of the foundation stone of this institution 
was an event which may mark the beginning of 
a revolution in technical education in the British 
Commonwealth. 
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BRITISH COUNCIL 
REPORT FOR 1948-49 


bbe will be recalled that on the opening day of the 
1948 Conference of the Universities of Great 
Britain and Northern Ireland on December 17, 1948. 
there was some discussion of three resolutions con. 
cerned with encouraging the interchange both of 
young postgraduates and of teachers which had been 
passed at the Congress of Universities of the Common. 
wealth in the previous July ; Mr. J. F. Foster, secre. 
tary of the Association of Universities of the British 
Commonwealth, had referred to the setting aside 
by the British Council of a definite sum for travel 
grants, to be administered by a joint committee of 
the Committee of Vice-Chancellors and Principals, of 
the Association of Universities of the British Com- 
monwealth and of the Universities Advisory Com. 
mittee of the British Council. Later in the discussion, 
Dr. A. E. Morgan explained briefly how the British 
Council came into this scheme, which was only a 
small beginning towards the great Imperial academic 
travel fund which was really required. For the 
academic year 1949-50 there would only be available 
from the British Council a sum of £6,000, obtained 
by reducing its awards of postgraduate scholarships 
from nineteen to eight, though Dr. Morgan hoped 
that this sum might be supplemented by funds from 
other sources. 

The Council's own report for 1948-49* briefly 
records this development as starting in March 1949, 
but the analysis of expenditure included is for the 
year 1947-48, in which £12,136 is shown for travel 
costs of interchange of university staffs between 
Commonwealth and other overseas countries and the 
United Kingdom and £201,844 for scholarships and 
Dursaries generally. Other items of expenditure which 
may be noted in passing are £34,124 for the work of 
the Council in general science, agriculture and 
medicine, £160,512 for books, book exhibitions, 
British Council publications and overseas press, and 
£67,730 for the purchase and distribution to Council 
libraries and other institutions of technical and other 
periodicals. During 1948-49, the Council awarded 
242 new scholarships as compared with 272 in the 
previous year, and 119 of the latter holders continued 
during part or the whole of the second year. During 
1948-49, sixty-two foreign scholarships for British 
students were offered by twelve countries through 
the Council, as compared with thirty-six in 1947-48. 
The short-term bursary scheme, designed mainly to 
enable industrial or social workers, technicians, local 
government officers, etc., to live in Great Britain for 
three to six months and pursue their normal occu- 
pations, developed considerably, and awards were 
made to 105 bursars from forty countries. 

During the year, thirty-two summer schools were 
held in twenty-two countries overseas, attended by 
more than 1,600 persons, while summer schools at 
seven British universities were attended by a further 
1,742. Besides this, vacation courses were arranged 
for overseas students at universities in the United 
Kingdom, and the Council also provided a special 
‘introduction course’ for Council scholars on their 
arrival in Great Britain from countries where living 
conditions are widely different. The value of this 
student welfare work of the British Council has been 
since signally recognized by the Colonial Office, which 

* British Council. Report for 1948-1949. Pp .147. (London: 
British Council, 1949.) 
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from the beginning of 1950 has transferred to the 
British Council the formal responsibility for the 
welfare of all Colonial students in Great Britain. The 
Council will now be responsible for housing two 
hundred such students in new London hostels as 
well as for the Colonial Office hostels in the provinces, 
and for this it will be provided with an additional 
£515,000 from the Foreign Office, Colonial Office and 
Commonwealth Relations Office, of which £425,000 
will come from the Colonial Development and Welfare 
Fund, and which will be managed by the Council as 
a separate account. 

To other activities of the British Council the general 
cut of ten per cent imposed on all Government 
expenditure will in future apply, and the accounts 
of the work given in the latest report will be read 
with that limitation in mind. Glancing first at the 
work under the Science Advisory Committee, of 
which Sir Henry Dale has resigned the chairmanship 
after serving since 1942, the Engineering Panel of 
Advisers has been replaced by the secretaries of the 
Institutions of Civil, Mechanical and Electrical 
Engineers, and their presidents serve on the Science 
Advisory Committee. A Combined Sciences Depart- 
ment has taken over the responsibility of work for 
all sciences other than agriculture and medicine. 
Lecture tours overseas were undertaken by twenty- 
one eminent British men of science, and a conspectus 
of current scientific research in British universities 
and university colleges was prepared under the title 
“Scientific Research in Britain”. A survey was made 
of financial facilities available in the United Kingdom 
to enable British scientific workers to study overseas 
and vice versa. In the Science Library 134 biblio- 
graphies were compiled in response to requests, and 
these are distributed to all Council libraries overseas. 

The library of the Medical Department dealt with 
more than 140 requests for bibliographies and 
information, and more than fifty scholarships were 
awarded to medical postgraduates and places found 
for them in universities and hospitals. At the request 
of the Ministry of Health, programmes were arranged 
for World Health Organisation fellows studying in 
Great Britain. The showing of some films on 
anesthesia to Italian medical men led to the dispatch 
of Mr. Geoffrey Organe, of the Westminster Hospital, 
to Italy and to the establishment there of three 
schools of anwsthesia; it is somewhat surprising 
that such results and the close relation between the 
medical profession in the two countries shduld have 
been left to the initiative of the British Council. A 
similar remark, apart from the question of travel 
funds, might well be made of the initiation of inter- 
change of lecturers between British and foreign 
universities. It seems highly desirable that univer- 
sities and professional institutions should scrutinize 
carefully this latest report of the British Council and 
decide what activities there may be which it would 
be more fitting with professional esteem for them to 
pursue on their own initiative, and what it is more 
appropriate to leave to the British Council because 
of the greater experience which, as in student welfare, 
the latter is able to bring to bear. 

This may well be true of some publishing activities. 
To British Science News (ceased publication, 1950) and 
the British Medical Bulletin, the new quarterly British 
Agricultural Bulletin was added in 1948 ; but there are 
other publishing activities, such as Britain To-day, 
which might be improved with closer scrutiny, and the 
book trade should now be able to manage its own ex- 
hibitions of books overseas and export trade without 
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specific assistance from the Council. The library 
policy of the Council has already changed, and 
responsibility for the establishment or maintenance 
of general public libraries is being transferred to the 
Colonies themselves. The report points out that the 
main impact of the work overseas is upon specialists, 
students and others who are unable to visit Britain, 
and that about half the Council’s headquarters staff 
is engaged in providing the necessary services and 
supplies of cultural material for the overseas staff. 


EARTHQUAKES DURING 
OCTOBER—DECEMBER 1949 


URING the last three months of 1949 there 

were thirty-one strong earthquakes and at least 
116 minor ones. October opened with a shock having 
an epicentre to the west of Lake Tanganyika. On 
October 4 there was a shock of magnitude 6}, from 
latitude 1° S., longitude 21° W., in mid-Atlantic ; 
but probably the greatest earthquakes of the month 
were on October 19, 20 and 21 in the Soiomon Islands 
region. The epicentre of these shocks was near 
lat. 54° S., long. 154° E., and the magnitude of the 
greatest 7}. As far away from the epicentre as 
Rabaul (New Britain), damage was done to some 
houses which were thrown off their foundations, 
while in other houses crockery and glassware were 
damaged by being thrown from tables and shelves. 
Several water tanks were thrown from their stands. 
On October 31 a shock of magnitude 6} occurred 
some seventy miles south of Sitka (Alaska), and this 
was felt in Sitka. Probably the earthquake of deepest 
focus during the three months, however, happened 
on October 28 in the region of the Fiji Islands, the 
depth being about 450 km. 

On November 22, in the region of the Kermadec 
Islands, the greatest earthquake of that month 
occurred, and the next greatest, on November 27, 
was in the region of the Tonga Islands; the former 
had instrumental magnitude 7} and the latter 7}. It 
is possible that a slight earth tremor occurred on 
November 16 in the Potteries district in England. 
Windows rattled and beds moved, but no damage 
has been reported. 

December 17 and 19 marked the principal earth- 
quakes of that month. On December 17 there were 
many shocks having the same epicentre (lat. 54° S., 
long. 71° W.), the greatest being at 15h. 07m. 53s. 
G.M.T., this having instrumental magnitude 7}. The 
region affected was in the far south of the Argentine 
and Chile, and the movement was particularly severe 
in Tierra del Fuego. Property damage was done at 
Punta Aienas (Chile), the most southerly town in the 
world, where several buildings, including a school, 
collapsed. At the small Argentinian seaport of 
Ushuaia, the pier broke in two and several buildings 
were damaged. The total casualties appear to have 
been one policeman killed and another injured when 
a house collapsed. On December 29 an earthquake 
with instrumental magnitude 7-4 shook Luzon, the 
chief island of the Philippines. Near Ilagen, the 
capital of Isabella Province, on the east coast fissures 
spouted water and roads were blocked by landslides. 
At Naguilian, near by, a ‘jeep’ is said to have dis- 
appeared into a fissure. Along the coast, there were 
landslides and the sea ran over low-lying country, 
drowning one woman. In Manila and other plaves 
damage was done to buildings, and in Cabantuan 
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several women and children were injured in a panic 
rush from a cinema. Records have been received 
from the central stations at Strasbourg and of the 
United States Coast and Geodetic Survey, and from 
individual stations at Cleveland (Ohio), De Bilt 
(Netherlands), Durham, Kew, Pasadena, Stuttgart, 
Toledo, Zurich and the Swiss observatories. 


DEVIATION OF RADIO WAVES 
AT THE IONOSPHERE 


NVESTIGATIONS in radio direction-finding have 

been conducted in Great Britain under the 
auspices of the Department of Scientific and Industrial 
Research since the formation of the Radio Research 
Board in 1920. This work has had a two-fold objective : 
first, to ascertain the possibilities of direction-finding 
at various frequencies for practical application to 
such purposes as station identification, navigation 
and meteorology; and secondly, to explore the 
phenomena involved in the propagation of radio waves 
over the surface of the earth and through the upper 
and lower atmosphere. The research towards these 
objectives has entailed a continuous improvement in 
instrumental technique, the results of which have had 
a far-reaching influence on the development and use 
of radio direction-finding equipment all over the 
world. In the high-frequency range of about 3-30 


Mc./s., radio waves are transmitted mainly as a result 
of one or more reflexions from the ionosphere ; and 
unless precautions are taken to avoid them, errors in 
the indication of the direction-finders result from the 
reception of waves coming down from the ionosphere 


under certain conditions of polarization. 

Such instrumental errors are, however, reduced to 
a negligible magnitude in the spaced-loop type of 
direction-finder, which was developed as a practical 
tool in Great Britain more than ten years ago. With 
suitable equipment of the spaced-loop type the 
actual azimuth of arrival of radio waves can be 
determined to within a fraction of a degree. But this 
may not be the correct bearing of the sending station 
unless the propagation of the waves has been confined 
to the great-circle plane containing both sending and 
receiving stations. The results of experimental 
investigations on this problem carried out during 
1938-47 are described in a recent report* from the 
Department of Scientific and Industrial Research, 
entitled “Lateral Deviation of Radio Waves Reflected 
at the Ionosphere’, by W. Ross. 

The investigations included large numbers of 
observations of the direction of arrival of waves 
from various transmitting stations at distances 
ranging from 90 to 8,500 km. The deviations from 
the great-circle path were found to be of a random 
and variable nature; at distances less than about 
300 km., the rapid moment-to-moment fluctuations 
were superimposed upon slowly varying deviations 
with quasi-periods of 10-30 min. The standard 
deviations of the observed departures from the true 
bearing of the sending station ranged from about 8° 
for a distance of 90 km. to 3° for a distance of trans- 
mission of 260 km. These figures are mutually con- 
sistent, and suggest that the cause lies in a random 
tilting of the F2 layer of the ionosphere, the standard 
deviation of the tilt being about 1-1-5°. For ranges 


* Department of Scientific and Industrial Research : 
search. Special Report No. 19: Lateral Deviation of Radio Waves 
at the Ionosphere. By W. Ross. Pp. iv+32. (London: 
H. M. Stationery Office, 1949.) 9d. net. 
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of transmission beyond 500 km. the fluctuations, 
although still very marked, decrease in magnitude, 
Typical values for the standard deviation of the 
fluctuations ranged from 0-9° to 1-3° for distances of 
500-5,000 km. 

At the close of the Second World War an oppor. 
tunity arose of comparing the bearing deviations 
obtained in the above manner with a spaced-loop 
direction-finder of small aerial spacing (a tenth of a 
wave-length) with observations taken on a different 
system, which had been developed by the Germans, 
and using an aerial spacing of about two wave-lengtlis, 
For comparable conditions the close agreement in the 
results obtained supports the conclusion that the 
fluctuations in observed bearings are due to a tilting 
or corrugation of the ionosphere at the point where 
the waves are reflected from it. The extent of these 
tilts is not known; but the experiments suggest that 
they may be measured in tens of kilometres. The 
study of the lateral deviation of radio waves propa- 
gated by way of the ionosphere has been greatly 
extended in the present of work at the 
Radio Research Station, Slough, as a result of these 
investigations. 


DAYTIME METEOR STREAMS 
OF 1948 


WO papers, under the title “The Daytime 

Meteor Streams of 1948”’, the first by A. Aspinall, 
J. A. Clegg and A. C. B. Lovell, and the second by 
Cc. D. Ellyett, have recently been published (Mon. 
Not. Roy. Astro. Soc., 109, 3; 1949). The first paper 
deals with the measurement of the activity and 
radiant positions of the daylight meteor streams 
between May and August, 1948, which were first 
studied by the radio-echo method in 1947. The results 
of the 1948 work confirm those of the previous year 
and also provide some additional information, in 
particular on four other major showers in July and 
early August. The radiants of these were at « = 85°, 
8 = + 11°, «= 96°, 8 = + 21°, « = 108°, 3 = + 13°, 
each of which gave echo-rates of 20-35 per hour, 
and remained active between July 12 and 17, after 
which their activity remained at a low level. The 
other shower became active on July 23 and reached 
its peak two days later, when its hourly rate rose to 
30 per hour. The radiant was rather diffuse, in 
Auriga, varying from 80° + 39° on July 23 to 91° + 
38° on August 4, after which it disappeared. Numerous 
tables, charts and details on individual showers are 
given in the paper, which should be carefully studied 
by everyone interested in meteor work. 

The second paper is concerned with the measure- 
ments of velocities of meteors associated with the 
showers described in the previous paper. The auto- 
matic recorder gives a photographic record of the 
range and individual amplitudes of the first sixty 
pulses reflected from the meteor trail’. The moan 
velocity for ten Geminid meteors was found to be 
34-4 + 1-45 km./sec., which is in good agreement 
with Whipple’s photographic results*. From the 
geocentric velocities thus determined, it is possible 
to deduce approximate results for the heliocentric 
velocities, and up to the mt these confirm 
elliptic orbits—a view which is now practically 
accepted for most, if not all, meteor streams. 

1 For reference to the apparatus, see Nature, 161, 696 (1948). 
* Proc. Amer. Phil. Soc., 79, 499 (1938). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


? A Fundamental Property of Atmospheric 
Circulation 


FIVE or six years ago, in reports to the Meteoro- 
logical Research Committee, I analysed the air-mass 
transport in vertical cross-sections of the circulations 
between cyclones and anticyclones'. One of the 
results reached was that the horizontal air-mass 
transport (pv) reaches a maximum, not at the tropo- 
pause, but rather lower, often at about the 8-km. 
level. This level, indeed, seems to be the boundary 
between two circulations in the vertical plane; the 
lower circulation involves upward motion in the 
eyclone, thence horizontal transfer towards the anti- 
cyclone, thence subsidence in the anticyclone; the 
upper circulation involves subsidence in the cyclone, 
including subsidence in the stratosphere, thence 
horizontal transfer towards the anticyclone, thence 
ascent of air, both in the upper part of the tropo- 
sphere and in the stratosphere of the anticyclone. 
The influence of such circulations in causing 
variations in the height of the tropopause was 
discussed. 

This characteristic of the movements of the 
atmosphere, coupled with the long-known fact that 
8 km. is approximately the level of quasi-constant 
air-density over the globe, suggests that it is 
coupled with some fundamental property of the 
atmosphere. 

On consideration, it is, of course, obvious that with 
the continued attenuation of the atmosphere with 
height, pv cannot increase indefinitely with height. 
Does it therefore tend to be a maximum at some 
characteristic level ? Since the force producing air 
movement is the horizontal pressure gradient Ap, 
and since in geostrophic balance pv is proportional 
to Ap, the problem is one of determining the variation 
of Ap with height when different parts of the atmo- 
sphere of the globe are unequally heated. 

The matter can be explored dynamically. Consider 
two columns of atmosphere, A and B, which differ 
in temperature. In A, for two pressure-levels p and 
p + 3p separated by a vertical distance 5z, we have : 


where p and 6 are the density and temperature at 
level p. Similarly in B, for the same two pressure- 
levels we have, 

RO sp 
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If A and B have the same pressure at ground-level, 
then the total stretch of B as compared with A, 
up to level p, is 


the integration being taken from ground-level (po) 
up to level p. 

The corresponding horizontal pressure-difference 
Ap at a given height is given by 
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If the numerical values of 6, 6’ against height 
or pressure are known, the integral can be evaluated 
step by step. But since the lapse-rate of temperature 
is much the same in the troposphere all over the 
globe, we can get an approximation to the average 
conditions by taking 0’ — 6 as constant. The integral 
then becomes 


Ap = 


, Po 
Ap = Rp (0 — 0) loge ©. 


The value of p for which Ap is a maximum can 
be determined directly in two simple cases: (1) the 
atmosphere isothermal, where p & p, and (2) the atmo- 
sphere in adiabatic equilibrium, where p = kp’. In 
the first case, the maximum is reached when p = p,/e, 
giving p = 370 mb., which corresponds to a height of 
just under 8 km. In the second case the maximum 
is reached when p = p,/e’, giving p = 250 mb., or a 
height of about 10} km. 

Cases where large-scale or global circulation is 
involved should usually lie between these two 
extremes. 

If two air-masses have initially a substantially 
greater temperature difference at low levels than at 
high levels, the height of maximum air-mass trans- 
port is lowered ; this condition applies specially in 
the initial stages of development of depressions. 

The opposite case—of a temperature-difference 
increasing substantially with height and thus pushing 
the level of maximum pv beyond about 10} km.—is 
less easy to visualize, but might occur, for reasons 
which cannot be detailed here, in the tropics, where 
insolation is nearly vertical, 

The ‘jet stream’ with its axis between the levels 
theoretically computed above can be seen as the 
extreme case of a sharp maximum of pv. Except in 
the case of jet streams, pv does not usually reach a 
very sharp maximum, the curve rising gradually 
with height to a hump with maximum between 7 and 
11 km. 

Various questions now suggest themselves. When- 
ever differences of temperature arise, as, for example, 
through the different amounts of insolation in different 
latitudes, will this tendency for horizontal mass- 
transport of air to reach a maximum about the 
8-10 km. level lead in general to the creation of two 
circulations, one below and the other above this 
level, running in opposite senses as if geared into 
one another ? A simple extension of the calculation 
given above shows that the slope of the isosteric 
surfaces between A and B changes sign at this level 
with respect to horizontal surfaces but not with 
respect to the isobaric surfaces, as it would require 
to do (on Bjerknes’s Circulation Theorem) to provide 
the force needed to create a secondary circulation 
in the reversed sense at higher levels. Since in the 
atmosphere the distribution of density at higher levels 
in these cases is normally, in fact, such as to favour 
the secondary circulation in the reverse sense, it seems 
that the density change in higher levels is itself prob- 
ably a result of the primary circulation. (For ex- 
ample, Palmen and Nagler* have recently shown that 
this reversed upper secondary circulation is a 
characteristic of ‘jet streams’.) 

Further, has this characteristic in the redistribution 
of mass an essential influence in limiting the height 
of that region of the atmosphere which attains con- 
vective equilibrium (that is, the troposphere) and in 
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producing the conditions of the upper layer (the 
stratosphere) ? 
This note is communicated with the permission of 
the director of the Meteorological Office. 
A. H. R. Gorpre 


Meteorological Office, 
London, W.C.2. 
Jan. 27. 
* A summary is given in the November and December 1949 issues of 
W eather. 


* J. Meteorology, 6, No. 4 (1949). 


X-Ray Diffraction Pattern given by 
Bacterial Flagella 


A PRELIMINARY report has already been given’ on 
an X-ray diffraction study of bacterial flagella. The 
X-ray work was carried out in the Department of 
Biomolecular Structure of the University of Leeds, 
on flagellar preparations obtained from Uppsala. 
However, it has since proved useful to carry out 
some further X-ray work on the spot at Uppsala, 
and the following is a summary of the results so 
obtained. 

The photographs were taken with copper Ka 
radiation from a Philips tube running at 40 kV. and 
18 m.amp. The specimen-to-film distance was about 
36 mm., or 105 mm. for the long spacings. The X-ray 
beam in the latter case had a divergence of 25’, 
permitting the measurement of spacings up to about 
150 A. 

The specimens used previously have been films 
made by drying pools of flagellar solutions on glass 
slides, and pseudo-fibre diagrams have been obtained. 
It has now been found possible to prepare actual 
fibres by rolling a thick flagellar paste between 
ground-glass plates. No difference has been observed 
in the diagrams at large angles ; but the fibre diagrams 
show a sharp reflexion at 40 A. which is not seen in 
the film diagrams. Possibly, therefore, there is a 
somewhat different packing of the flagella in the two 
cases, or the stress applied while forming the fibres 
brings about some slight modification of the flagellar 
structure. 

X-ray studies of wet and dry hemoglobin? indicate 
that the molecules of this protein are anhydrous 
invariant units, with the water of hydration lying 
between. Bacterial flagella are very hygroscopic 
indeed, exposure for one or two days of a dry pre- 
paration to saturated humidity being sufficient to 
change it from a horny brittle mass to a thick glue. 
An X-ray comparison between a dry and wet 
specimen can be made by enclosing a flagellar fibre 
in @ thin-walled glass capillary (giving only faint 
diffuse scattering) and sealing the 
capillary with water. In this way 
it has been shown that the wetting 
process alters the spacings, ranging 
from 4 to 40A., by only a few 
per cent at the most. Here also, 
then, a comparatively anhydrous 
invariant unit is suggested. A 
marked effect of the wetting is, 
however, a sharpening and in- 
creased resolution of the reflexions. 

The side-chain reflexion, which is 
rather diffuse in photographs of dry 
specimens, reveals three distinct 
components at 10-6 A., 9-3 A. and 


8-2 A., respectively. 
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A“ technique has been tried of stretching flagellar 
films by drying pools of sol on silicone rubber, then 
re-moistening and stretching the two together. This 
proceture was found to produce certain changes in 
the X-ray diagram, and in particular there appeared 
a very strong and sharp equatorial reflexion at 9-3 A., 
even with dry specimens. 

Further details of these experiments will be given 
in the full account of the X-ray investigations carried 
out at Leeds and Uppsala. 

I am much indebted to P. H. Lindgren and Dr. 
E. Ribi for valuable help and advice in the X-ray 
technique. 

Crags WEIBULL 

Institute of Biochemistry, 

University of Uppsala. 

* Astbury, W. T., and Weibull, C., Nature, 163, 280 (1948). 

* Boyes- Watson, J.. Davidson, E., and Perutz, M. F., Proc. Roy. Soc., 
A, 191, 83 (1947). 


Electron-Microscopic Demonstration of a 
Membrane Structure Isolated 
from Nerve Tissue 


Ustne a technique of preparation similar to the 
one used for the analysis of the ultra-structure of 
the outer segment of retinal rods', it was possible 
to isolate a characteristic structure from the peri- 
pheral nerve tissue of the guinea pig. The sciatic 
nerve or motor roots of the spinal cord were fixed (24 
hr.) in 2 per cent osmic acid, moderately fragmented 
by crushing between the ground-glass surfaces of a 
small glass joint by careful grinding and afterwards 
fragmented by sonic treatment using a frequency of 
9 ke./s. 

A mixture of sheets of varying thickness and fibrils, 
the latter obviously constituting the so-called neuro- 
tubules, was obtained. By differential centrifugation 
the thinner membranes could be separated from the 
fibrils, and almost pure preparations of the mem- 
branes resulted. The preparatory work was performed 
at + 4°C. An RCA electron microscope, type EMU, 
was used for the analysis. 

The membranes are irregularly formed fragments 
of more extensive membranes of indefinite size, and 
the thicker membranes (Fig. 1) are composed of 
varying number of layers of thin membranes showing 
a uniform thickness (Fig. 2). The thickness is of the 
same order of magnitude as the unit disks of the 
retinal rod outer segments. 

The membranes show a characteristic structure 
with dense spots arranged in larger or smaller areas 
scattered at random all over the membrane. On 





conne 
brane 
term. 
the n 
amou. 
struct 
fracti 
stitut 
obtail 


ilarity 
and t! 
strate 
well ¢ 
agent. 

Att 
memt 
thin 
worki 
Instit 


F 

THE 
in the 
vestig 
Tt car 
Norm 
neutr¢ 
by (n, 
in Gre 
& met 
irradis 
availa 
cobalt 
the irc 
curie-] 
curies 
extrac 
for ov 

All 
from ; 


ne. 0005 March 2% 1980 


shadowed preparations these dense spots correspond 
tojknobs rising slightly over the surface of the mem- 
brane. The high density of these spots cannot be 
explained only by the greater thickness compared to 
the rest of the membrane, but depends probably on 
the accumulation of heavier atoms. 

As the material used in this investigation is com- 
plex, containing many different structures, such as 
axis cylinders, myelin sheets, Schwann cells and 
connective tissue, the localization of these mem- 
branes within the nerve tissue cannot be de- 
termined by this technique. It seems probable that 
the membranes belong to the myelin sheets. The 
amount of membranes in comparison to other 
structures (mostly fibrils) in the fragmented but not 
fractionated preparation indicates that they con- 
stitute a considerable proportion of the material 
obtained. 

Analysis by polarized light and X-rays also indi- 
cates the existence of multilayered protein mem- 
branes arranged concentrically around the axis cylin- 
ders. Assuming the observed membranes to be 
located in the myelin sheets, there is a striking sim- 
ilarity in the ultra-structure of this part of the cell 
and the retinal rod outer segment, as is also demon- 
strated by polarized light. The dense spots might 
well correspond to artefacts produced by the fixing 
agent. 

Attempts to establish the localization of these 
membranes in the nerve tissue will be made using 
thin sections. These observations were made when 
working in the Department of Biology, Massachusetts 
Institute of Technology, Cambridge, Mass. 

Frrrior 8. Sséstranp* 
Karolinska Institutet, 
Anatomiska Institutionen, 
Stockholm, 
Nov. 23. 

* Fellow, Swedish State Medical Kesearch Council. 

'Sjistrand, F. 8., J. Cell. and Comp. Physiol., 33, 383 (1949). 


Preparation of Carrier-Free lron-59 


THE importance of iron-59 as a biological tracer 
in the human body has made it imperative to in- 
vestigate methods for its preparation at Harwell. 
It can be obtained by the (n,p) reaction on cobalt. 
Normally, the cyclotron is used as a source of fast 
neutrons to avoid simultaneous formation of caobalt-60 
by (n,y) reaction; but that course was not possible 
in Great Britain. Consequently, we have developed 
a method for treating the active cobalt obtained by 
irradiation in the mixture of slow and fast neutrons 
available in the Harwell pile (B.E.P.O.). Since the 
cobalt activity is some three thousand times that of 
the iron, it is necessary to handle radioactivity at the 
curie-level in order to produce a few hundred micro- 
curies of iron-59. We considered that a solvent 
extraction procedure would probably be best suited 
for overcoming this technical difficulty. 

All previously reported preparations of iron-59 
from irradiated cobalt have been diluted with more 
or less inactive iron, derived either from deliberately 
added carrier or from impurity in the original cobalt?*. 
We have found that the isotope can be extracted 
carrier-free into xylene as the acetylacetonate ; the 
extraction is quantitative provided the aqueous solu- 
tion of the cobalt is in the pH range 4-0-7-0. This 
8 in contrast to the extraction of ferric chloride into 
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ether, which is only quantitative with macro amounts 
of iron. 

Starting with spectroscopically pure cobalt, we 
have obtained the same yield of iron-59 by this 
method and by precipitation of ferric hydroxide after 
addition of a milligram of iron as carrier, which shows 
that the extraction of iron-59 from irradiated cobalt 
is practically 100 per cent efficient by this method. 
As noted by Livingood and Seaborg, the ferric 
hydroxide has to be reprecipitated at least three 
times with cobalt hold-back carrier at each stage to 
give a final precipitate free from cobalt activity’. 

In performing an extraction, we dissolve the cobalt 
in the form of metal ‘sponge’ in 3N nitric acid and 
adjust the pH by addition of ammonia and ammonium 
acetate. A drop or two of acetylacetone, or about 
1 ml. of a saturated aqueous solution of acetylacetone, 
is added and the solution extracted with xylene. 
The xylene is separated, washed with water and 
removed by evaporation; any charred organic 
residue is destroyed by fuming with perchloric acid, 
and the residue is taken up in a little dilute hydro- 
chloric acid. No cobalt or iron is detectable spectro- 
scopically in the xylene extract and only very little 
iron in the final product, provided that all reagents 
are of ‘AnalaR’ standard, that the xylene is carefully 
purified by acid and alkali washes followed by dis- 
tillation and that spectroscopically pure cobalt is 
used. 

The radioactive purity of the product has been 
demonstrated by decay and by absorption in alum- 
inium. Although the former has not been followed 
long enough to allow us to quote a figure for the 
half-life, it definitely favours Govaerts’s figure of 
45 days* rather than the 47 days of Livingood and 
Seaborg*. The latter was determined from the initial 
decay of a mixture of iron-59 and iron-55, whereas 
the former is deduced from the decay of iron-59 
obtained from cobalt. 

The specific activity of our product is at least 
1,000 ve./mgm. after irradiation for a month. 

Full experimental details will be published later. 

Our thanks are due to the director of the Atomic 
Energy Research Establishment for permission to 
publish this note. 

A. W. Kenny 
W. R. E. Maton 
W. T. Sprace 


Atomic Energy Research Establishment, 
Harwell, 
Didcot, Berks. 
Dec. 21. 

' Hevesy, G., “Radioactive Indicators’ (Interscience Publishers, Inc., 
New York, 1948). Peacock, W. C., et al., J. Clin. Invest., 25, 605 
(1946). 

* Livingood, J. J., and Seaborg, G. T., Phys. Rev., 54, 51 (1938). 

* Govaerts, J., Bull. Soc. Roy. Sci. Lidge, 12, 555 (1943). 

‘ Livingood, J. J., and Seaborg, G. T., Phys. Rev., 55, 1268 (1939): 


see also ref. 2. 


Intermediates for Polyene Syntheses 


INTEREST in the diketones octa-3 : 5-diene-2 : 7- 
dione (I) and oct-4-ene-2 : 7-dione (II) arises mainly 
from their potential value as intermediates for 
polyene syntheses. 

Recently, Karrer et” al.1 have announced the 
preparation of (I) by the condensation of glyoxal 
with acetoacetic acid, and have since described* the 
experimental conditions under which yields of c. 4 per 
cent may be obtained. Reduction-of a pyridine solu- 
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tion of (I) with zine and acetic acid gave (II) in 
70-75 per cent yield’. In view of these publications, 
we are prompted to report the methods by which 
we have synthesized the diketones (I) and (II). 

Dihydromuconic acid (III) was readily prepared 
by reaction of 1 : 4-dibromobut-2-ene with cuprous 
cyanide in acetonitrile, and hydrolysis of the result- 
ing 1: 4-dicyanobut-2-ene (30-35 per cent overall 
yield). Treatment of the diacid chloride of (ITI) with 
cadmium dimethyl gave, in 15 per cent yield, the 
required diketone (II), melting point 35-36° (found : 
C, 68-4; H, 9-0; calc. for C,H,,0,: C, 68-55; H, 
8-65 per cent) (Karrer et al.* give m.p. 30-31°), which 
was characterized as the bis-2 : 4-dinitrephenyl- 
hydrazone, melting point 208-209° (found: C, 48-1 ; 
H, 4-15; N, 22-55. CC, .H,,O,N, requires C, 48-0; 
H, 4-05 ; N, 22-4 per cent). The optimum conditions 
for the preparation of (II) by this route have not 
as yet been elucidated. In this work the cadmium 
dimethy! solutions used were prepared from methyl- 
magnesium bromide and cadmium chloride, and were 
shown by application of the Gilman test to contain 
none of the Grignard reagent (cf. Cason*). However, 
in some experiments, the diketone (II) was obtained 
in admixture with a glycol (probably IV), melting 
point 86° (found : C, 69-4 > H, 11-4. C,,H,,0, 
requires C, 69-7; H, 11-7 per cent), which on cat- 
alytic hydrogenation yielded 2 : 7-dimethyloctane- 
2: 7-diol. The latter crystallized from a mixture of 
ether and light petroleum (b.p. 40-60°) in needles, 
melting point 92-93°, and from water in plates, 
melting point 58-59° (Zal’kind and Aizikovich* give 
melting point 88-89° from light petroleum and 
57—59° from water). 

When the diacid chleride® of trans trans muconic 
acid (V) was treated with cadmium dimethyl, a 
product was obtained from which the diketone (I) 
was readily isolated, albeit in very poor yield (c. 2 per 
cent). The diketone, melting point 126—127°, ex- 
hibited light-absorption maxima (in alcohol) at 2720 
and 2790A., ¢ = 31,000 and 32,000 respectively 
(Karrer et al.’ give melting point 126—126-5° ; light 
absorption maximum in alcohol, 2760A.; ¢ = 
33,000). 

We wish to thank Sir Ian Heilbron for his interest 
in this work, and one of us (F.S.) thanks the 
Department of Scientific and Industrial Research for 
@ senior award. 

F. SonDHEIMER 

B. C. L. WEEDON 
Imperial College of Science and Technology, 

London, 8.W.7. 
Nov. 1. 
8 wast , Eugster, C. H., and Perl, 8., Helv. Chim. Acta, 32, 1013 
49). 

* Karrer, P., and Eugster, C. H., Helv. Chim. Acta, 32, 1934 (1949). 
* Cason, J.. Chem. Rev., 40, 15 (1947). 
* sel Miad, Y. S., and Aizikovich, M. A., /. Gen. Chem. Russ., 7, 227 
* Bailey, P. S., and Ross, J. H., J. Amer. Chem. Soc., 71, 2370 (1949). 
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Heat of Formation of the Grignard 
Reagent, CH,Mgl : Ether 


EXPERIMENTAL determinations of carbon-metal'and 
carbon-halogen bond dissociation energies have been 
investigated in this Department during the past 
few years'“*. The first work undertaken was a 
calorimetric study of the formation and ‘subsequent 
decomposition of a Grignard reagent. 


RI, ether + Mg — RMglI : ether + Q, (1) 


RMgI: ether + H,O + RH + MgIO8H, ether + Q, 
(2) 


From (1) and (2), the heat of formation of the RI 
compound can be obtained : 


Q,(RI,l) = Q.RH,g) + Qf(MgIOH, ether) — 
QA(H,0.1) — 2, —Q,. (3) 


From Q;(RI,g), and the corresponding R—H dissocia- 
tion energy, the R—I bond dissociation energy can 
be found. Even if the absolute value of the heat of 
formation as given by (3) is doubtful (owing to 
uncertainty in the value assumed for Q;(MgIOH) ), the 
gradations in Q; values for a series of RI compounds 
should be reliable. 

Tt soon became clear that the study of this reaction 
with the required degree of accuracy would be both 
a difficult and long task; so it was allowed to take 
second place to work on the hydrolysis and iodination 
of the alkyls of zinc, cadmium?+* and mercury. But the 
earlier studies were sufficiently complete to enable 
us to give a value for Qy (CH;MglI : ether) which is 
an important thermochemical datum in view of the 
great versatility of the Grignard reagent. 

The reaction 


CH,I, ether + Mg - CH,MglI: ether + Q, 


was studied in vacuo in an adiabatic calorimetric 
system’. The percentage reaction and the extent 
of any side reactions were checked by decomposing 
the Grignard reagent with water and analysing and 
measuring the gas produced. Experiments carried 
out in this way with reagents of high purity went 
cleanly with negligible side-reactions. 

It was found that Q, = 65-4° + 0-2 k.cal./mole, 
leading to, 


Q;(CH,MgI : ether) = 65-4 + Q,(CH,I, ether). 


Using the value of 3-65 + 0-1 k.cal./mole for 
Q,(CH,I,1)* (methyl iodide has a negligible heat of 
solution in ether), we obtain 


Q,CH,MgI : ether) = 69-0 + 0-3 k.cal./mole. 


This value applies to a Grignard solution of 1 mole 
CH,MglI in c. 22-5 moles diethyl ether. 
It is hoped shortly to widen the scope of this work 
on the lines indicated above. 
A. 8. Carson* 
H. A. SKINNER 


Department of Chemistry, 
University of Manchester. 
Nov. 23. 


* Now at the University of Leeds. 
'Carson, Hartley and Skinner, Proc. Roy. Soc., A, 195, 500 (1949), 
* Carson, Hartley and Skinner, Trans, Farad. Soc., [45, 1159 (1949)). 
* Carson and Skinner, J. Chem. Soc., 201, 936 (1949). 
* Carson, Pritchard and Skinner, J. Chem. Soc., (656 (1950)). 
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Composition of the Grignard Reagent 


In 1912 Jolibois' suggested that the formula of 
the Grignard reagent was R,Mg.MgX,, and since that 
time there have been several controversial papers 
dealing with experimental evidence for and against 
this idea. The work of W. Schlenk and W. Schlenk, 
jun.*.*, in which the halogen was entirely precipitated 
from ether solutions of the Grignard reagent with 
dioxane, leaving dialkylmagnesium, led them to 
favour @ slow equilibrium in the reaction 


2RMgX = R,Mg + MeX, (A) 


as the best explanation of the results obtained. This 
idea of the composition of the Grignard reagent has 
been popularly held ever since, in spite of many 
reasons for doubting how anything so simple can 
fit all the complex results obtained—for example, 
those of Noller and White‘, in which dialkyl- 
magnesium returned to the solution on further 
shaking the precipitate with the solution after 
precipitation. 

The results of Noller and White are perfectly 
understandable on the basis of the slow equilibrium 
of RMgX and a complex of R,Mg with MgX, never 
being obtained, 

2RMgX = [RMg.MgX,], (B) 


and the postulate that there is practically no 
free dialkylmagnesium in the ordinary Grignard 
solution. (Incidentally, the ease with which dialkyl- 
magnesium solutions catch fire as compared with 
those of the Grignard reagent is difficult to account 
for on any other basis.) Any solution containing 
R,Mg.MgX, will be in equilibrium with a small but 
finite amount of R,Mg according to the equation 


R,Mg.MgX, = R,Mg + MgX;, (C) 
requiring that 
(P,Mg)(MgX,) _ 
«<,Mg.MgX,) 
As soon as a solution becomes saturated with respect 


to R,Mg.MgX,, the concentration of this complex is 
constant and 





Rx (1) 


(R,Mg)(MgX,) Ky (2) 


When dioxane is added to the solution, both com- 
pounds in equation (B) are precipitated, and only 
after sufficient dioxane has been added to make the 
solution saturated with respect to MgX, (present in 
only small concentrations) can the R,Mg, originally 
present as R,Mg.MgX,, return to the solution, as will 
then be required to satisfy equation (1). In fact, 
equation (2) requires a fixed concentration of R,Mg 
for a given ratio of dioxane to ether when MgX, 
starts to be precipitated. The RMgX, of course, 
stays in the precipitate. 

We have been able to demonstrate that a solution 
of methylmagnesium iodide in di-n-butyl ether con- 
tains no free dimethylmagnesium by some extremely 
simple and conclusive experiments. ; 

Brugger® found that such solutions reacted with 
acetone in di-n-butyl ether very rapidly (half-life 
about 7 x 107° sec. at 27°) according to a reaction 
independent of the acetone concentration and de- 
pendent on the first power of the total Grignard 
concentration. Exactly the same rate (k, ~ 100 sec. 
at 27°) was obtained with ethyl acetate. 

Recently, we have carried out similar experiments 
with solutions of dimethylmagnesium prepared by 
precipitation from diethyl ether with dioxane, and 
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transferred to di-n-butyl ether by distilling the diox- 
ane and ethyl ether away, using a good fractionating 
column, under an atmosphere of nitrogen after addi 
di-n-butyl ether. The rate was found at 27° to be 
about fifty times that observed by Brugger. In this 
experiment, the final constant temperature down the 
tube of the rapid-rate apparatus* corresponded 
approximately with the total heat (48-4 k.cal.) de- 
termined in our laboratory’.* on the basis that only 
one methyl group reacted per mole of dimethyl- 
magnesium ; whereas, in Brugger’s experiments, it 
varied from 25 to 40 per cent of the rise expected 
from the heat determined in this laboratory calcu- 
lated on the basis of all being CH,MgI, but 50-80 per 
cent on the basis of all being (CH,),Mg, with only 
one methyl group reacting. 

Quite clearly there can be no appreciable amount 
of free dimethylmagnesium in the di-n-butyl ether 
solution of the Grignard reagent, and the slower rate 
of reaction in this case is either due to the rate of 
dissociation of (CH,),Mg.MgI,, or, less likely, the slow 
rate of dissociation of CH ,MgI [(C,H,),,O]. 

This last conclusion is made necessary because the 
total heat liberated when methyl magnesium iodide 
reacted with acetone in the rapid-rate apparatus, at 
the point down the tube where the temperature be- 
came constant, is only a fraction of the measured 
heat of the reaction. This fact indicates that one 
of these species must react very slowly. Assuming 
that the rate of the (CH,),Mg.MgI, dissociation 
determines the rate, Brugger’s results point to more 
than 50 per cent of the Grignard solution existing as 
(CH,;),.Mg.MglI,, or the other assumption to more than 
60 per cent. Further experiments are in progress. 

The conclusion that the Grignard reagent has the 
formula 


R x 
re 
Mg 
Y a 

R x 


has been made previously by Evans and Lee® from 

experiments on electrolysis and transference. 
J. G. Aston 
S. A. BERNHARD 

Department of Chemistry, 
School of Chemistry and Physics, 
Pennsylvania State College, Pa. 
Nov. 7. 


' Jolibois, C.R. Acad. Sci., Paris, 155, 353 (1912). 

* Schlenk, W., and Schienk, W., jun., Ber., 62, 920 (1929). 

* Schlenk, W., jun., Ber., 64B, 734 (1931). 

* Noller, C. R., and White, W. R., J. Amer. Chem. Soc., 59, 1354 (1937), 

* Brugger. J. E., M.S. Thesis, Penn. State College (1946). 

* This apparatus was essentially like that of La Mer and Reed (J. Amer. 
Chem. Soc., 52, 3098 ; 1930), with the fraction which had reacted 
down the tube measured by the temperature-rise indicated by 
suitably placed thermocouples. 

* Aston, J. G., and Bernhard, 8. A. (to be published), 

* Aston, J. G., and Kennedy, R. M. (to be published). 

* Evans, W. V., and Lee, F. H., J. Amer. Chem. Soc., 56, 654 (1934). 





Polarographic Behaviour of Acetone 


In supporting electrolytes generally used in polaro- 
graphy, for example, in solutions of potassium, 
lithium or ammonium salts or lithium hydroxide or 
in buffer solutions, no polarographic reduction wave 
of acetone can be observed. Only if electrolytes of 
tetra-alkylammonium are used can a reduction wave 
at a half-wave potential of about — 2-1 V. (from 
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Dependence of the height of wave on concentration of acetone in 
1°56 N ammonia, 1-5 VY ammonium chloride; concentration of 
acetone: (1) 0; (2) 0-018 M: (3) 0-035 M: (4) 0-051 M. 
Abscisse, 0-2 V.; curves start from — 1-2 V. (S.C.E.); rate of 
flow, m 2-13 mgm./sec. ; dropping time, t = 3-2 sec. 


saturated calomel electrode) be obtained':*. After 
conversion of acetone to its hydrazone or phenyl- 
hydrazone, two reduction steps are obtained’, but 
none is suitable for analytical purposes ; moreover, 
the height of these waves is not a linear function of 
concentration. Thus acetone is polarographically 
determined in an indirect way in acid sulphite solu- 
tion, with which it reacts as other ketones and lowers 
the acid sulphite wave‘. 

When studying the reactions of amines with 
carbonyl compounds, for example, in concentrated 
solutions of ammonia — ammonium sulphate buffer 
of pH 9-3, I have found a well-developed wave due to 
acetone with a half-wave potential of about — 1-6 V. 
The height of the wave is a linear function of the 
concentration of acetone (see diagram), and such 
solutions are therefore well suited for analytical 
purposes. Since acetone is volatile, the polarographic 
curves must be recorded after passing an indifferent 
gas through the solution for a constant time. At 
greater concentrations of acetone it is possible to 
record curves even in the presence of air. Another 
NH,-compound which is less volatile than ammonia 
is being sought. 

It has been ascertained that the acetone substance 
reduced at — 1-6 V. is a compound formed by one 
molecule of acetone and one molecule of ammonia. 
It is supposed that the polarographic wave is due 
to the reduction of the imino group. The compound 
formed is in equilibrium*with free acetone, and the 
height of the wave is influenced by the concentration 
of free ammonia. Since its dissociation into ammonia 
and acetone is large and because the concentration 
of the buffer solution used was limited by the solu- 
bilities of ammonium salts, it was impossible to reach 
the full diffusion current corresponding to acetone 
according to the Ilkovié equation. In 10 N ammonia 
saturated with ammonium chloride, the height of the 
wave was about 20 per cent of the wave due to the 
same molar concentration of pyruvic acid. This 
means that acetone may be polarographically estim- 
ated in concentrations of 0-1-0:00002 M. The 
equilibrium state is reached in 15 sec. after the 
beginning of the reaction. The electrode process is 
limited only by diffusion, and therefore the limiting 
current corresponds to the true equilibrium con- 
centration in the bulk of the solution. 

Many carbonyl compounds were found to react in 
a similar manner, the reaction product being reduced 
at different potentials. The reaction with the car- 
bonyl group was found to take place only with 
primary amines (or amino-acids), that is, with the 
amino-group, and has been followed in the case of 
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pyruvic acid, acetaldehyde, benzaldehyde, benzil, again 
diacetyl, phenylglyoxylic acid, coumarindion and work 
dehydroascorbie (or diketogulonic) acid. The study publis 
of these reactions and of their equilibrium and rate 
constants is being continued. 
P. ZuMAN 
Physico-Chemical Institute, No 
Charles University, 

Prague. 

Nov. 28. 
' Neiman, M. B., an Markhina, Z. V., Zavod. Lab., 18, 1174 (1947) one 
* Stackelberg, M. v., and Stracke, W., Z. f. Elektrochem., 53, 118 (1949) + Griffit 
* Lupton, J. M., and Lynch, C. C., J. Amer. Chem. Soc.. 66, 697 (1944), * Bruna 
* Heyrovsky, J., in “Polarographie”, 368 (Springer, Vienna, 1941 306 

Physical Properties of Promoted 
Molybdenum Catalysts WE 
Tue addition of small quantities of promoters to y see 

molybdenum oxide catalysts is known to prod san! 
striking changes in their activity for hydrocarbon molec 
decomposition’. These effects have been related to a Map 
differences in their capacity for the chemisorption of mate 
hydrocarbons at or near the reaction temperature® ; Jones 
but no fundamental reason for these observations The 
was found. intern 


We have now studied other physical properties of 0-015 
these catalysts, prepared by reducing, in hydrogen 900° € 


at 450°, molybdie acid to which known amounts of above 
silica sol were added. Surface areas were measured stop « 
by the method of Brunauer, Emmett and Teller* with eoman 
results shown in the accompanying diagram. of liq 
These results indicate that the addition of the contai 
promoter first causes an increase in the surface area, the ot 
directly related to the concentration added, but that bulb 
beyond the point of highest catalytic activity when mercu 
4-4 atoms of silicon accompany every 100 atoms of press 
molybdenum, a drastic change takes place in the atmos 


structure. Measurements of the electrical properties 
of these catalysts also show that distinctive changes - 
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again occur at the same critical concentration. This 
work is being continued, and the results will be 


published elsewhere in full. 


R. H. Grurrrre 
P. R. Loypars 
Fulham Laboratory, 
North Thames Gas Board, 
King’s Road, 
London, S.W.6. 
Dec. 2. 


H., and Plant, J. H. G., Proce. Roy. Soc., A, 148, 191 
Griffith, R. H., Trans. Farad. Soc., 38, 407 (1937). 


‘Griffith, R. 
(1935). 


' Griffith, R. H., and Hill, 8. G., Proc. Roy. Soc., A, 148, 194 (1935). 
* Brunauer, S., Emmett, P. H., and Teller, E., J. Amer. Chem. Soc., 60. 
: ) 
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Thermal Diffusion of Water-Vapour 


We have found that in a hot-wire Clusius column 
operating with water-vapour, molecules containing 
oxygen-18 concentrate at the top of the column. This 
is an unexpected result, since it implies that the water 
molecule under these conditions must be softer than 
a Maxwellian molecule. From our results an approx- 
imate calculation on the basis of the Furry and 
Jones theory’ indicates a force-factor of 4-9. 

The column used, 200 cm. long and 1-45 cm. 
internal diameter, was of glass. A platinum wire of 
0-015 in. diameter was fixed axially and heated to 
900° C.; this kept the walls of the column a little 
above 100° C. when a wire screen was put round to 
stop draughts. At one end of the column a side-tube 
communicated with a small reservoir containing 2 c.c. 
of liquid water maintained at 100°C. by a jacket 
containing boiling water open to the atmosphere. At 
the other end a side-tube communicated with a small 
bulb which could be sealed off for sampling. A 
mercury manometer was used for measuring the 
pressure inside the column, which was approximately 
atmospheric. 





Time of 
Experiment operation Ratio of O"/ 
(hr.) O* in sample 
1. Sample from bottom of column 30 | 0-18 per cent 
2. Sample from bottom of column | 8 0-18 - 
| } 
3. Sample from top of column | 4 0-22 = 
4. Sample of ordinary water | -—- 0-20 - 








The percentage of oxygen-18 in a sample was found 
by converting the water to carbon monoxide and 
dioxide and then using a mass-spectrometer. The 
results are shown in the accompanying table. No 
experimental determination was made of the equil- 
ibrium time of the column; but it was apparently 
less than four hours. 

We should like to thank Mr. J. Blears and Mr. 
D. L. Nicholson, who carried out the mass-spectro- 
meter assays in this laboratory. 

R. H. Davres* 
J. T. Kenpatxut 


Research Department, 
Metropolitan-Vickers Electrical Co., Ltd., 
Manchester. 

Nov. 24. 


* Now at the Atomic Energy Research Establishment, Harwell. 
t Now Leverhulme Research Fellow, Imperial College, London. 


* Rev. Mod, Phys., 18, 151 (1946). 
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Structure of the Galaxy and the Sense 
of Rotation of Spiral Nebulz 


WE have recently completed a survey of galactic 
noise over the southern skies at a frequency of 
100 Mce./s.1.. This, in conjunction with previous 
surveys by Hey, Parsons and Phillips? (64 Mc./s.) 
and Reber* (160 Mc./s.), has been used to provide 
information on the distribution of material in our 
galaxy. 

Hubble has shown that the size of the external 
galaxies increases steadily with increasing spiral 
structure ; our own galaxy, which is comparable in 
size with the largest of the external systems, may, 
therefore, be expected to show some spiral formation. 
If the intensity of radio-frequency radiation from a 
given direction be taken as an indication of the extent 
of galactic material in that direction, radio observ- 
ations may be used to provide evidence as to the 
structure of the galaxy. From the surveys of galactic 
noise referred to above, the distribution of intensity 
over the whole celestial sphere has been obtained. 
Corrections were made in Cygnus‘ and Cassiopeia® 
for the effects of the intense discrete sources in these 
constellations. The important features of the resulting 
distribution are an extended principal maximum in 
the direction of the galactic centre, and a sharp 
secondary maximum in Cygnus. These maxima 
appear on the section through the galactic plane 
shown in the accompanying graph. These observa- 
tions can be interpreted as placing the sun in or 
near the arm. of a spiral galaxy, this arm extending 
from Carina through the region of the sun to Cygnus. 
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Distribution of equivalent temperature along the galactic equator 


An optical determination of the location of the 
sun with respect to possible spiral features requires 
a knowledge of the star distribution in the region 
around the sun. Present data, however, are limited 
to certain regions up to a distance of 5,000 light- 
years, and may be affected by incomplete information 
on the absorption in interstellar space. It appears, 
however, that in most directions the star density 
remains constant for the first 1,000 to. 2,000 light- 
years, thereafter decreasing. The exceptions are, 
first, an initial decrease followed by large increases at 
3,000-5,000 light-years in the general direction of the 
galactic centre; and secondly, constant density for 
at least the first 5,000 light-years in the direction of 
Cygnus and Carina. It would seem that there is a 
general concentration of stars towards a line running 
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from Carina through the sun towards Cygnus, with 
@ vacant lane between this line and a ‘nucleus’. 
Perhaps more marked is the concentration towards 
this line of those stars (Types O and B) which, in 
extra-galactic nebule, show preference for the spiral 
arms. Further, the dark nebule forming the Rift 
may be compared with the dark markings often 
noticeable between the arms and the nucleus in 
external systems. The optical evidence, therefore, 
though not conclusive, is reasonably consistent with 
the hypothesis of the spiral formation for our galaxy 
suggested by the radio-frequency measurements. 

The direction of rotation of the galaxy is known 
from astronomical observations of the apparent 
motion of stars and star clusters, and if the radio 
observations can be interpreted in terms of a spiral 
structure with an arm opening out in the direction 
of Cygnus, the sense of rotation is that of a spiral 
unwinding. This sense of rotation has not, been 
previously established. It is consistent with the 
dynamical theories of Lindblad* and Milne’ on the 
formation of spiral systems ; but disagrees with the 
sense of rotation in extra-galactic nebulz inferred by 
Hubble® from interpretation of the dark markings. 

The results outlined here will be discussed in more 
detail elsewhere. 

We wish to acknowledge the assistance of Messrs. 
G. J. Stanley and O. B. Siee in making observations 
concerned in this work which is part of the research 
programme of the Division of Radiophysics, Common- 
wealth Scientific and Industrial Research Organisa- 
tion, Australia. 

J. G. Boiron 
K. C. WEsTFOLD 
Radiophysics Laboratory, 
Commonwealth Scientific and 
Industrial Research Organisation, 
University Grounds, Chippendale, 
New South Wales. 
Nov. l. 
* Bolton, J. G., and Westfold, K. C., Aust. J. Sci. Res., A (in the press). 
* Hey, J. S., Parsons, G. J., and Phillips, J. W., Proc. Roy. Soc., A, 
192, 425 (1948). 
* Reber, G., Astrophys. J., 100, 279 (1944). 
* Bolton, J. G., and Stanley, G. J., Nature, 161, 312 (1948). 
‘Ryle, M., and Smith, F. G., Nature, 162, 462 (1948). 
* Lindblad, B., Mon. Not. Roy. Astro. Soc., 108, 215 (1948). 
’ Milne, E. A., Mon. Not. Roy. Astro. Soc., 106, 180 (1946). 
* Hubble, E., Astrophys. J., 97, 112 (1943). 


Pleistocene Deep Weathering 


Str Epwarp Bartey has sent me a copy of his 
letter’. 
The decay of these rocks is neither pre-Glacial nor, 


in the ordinary sense, due to weathering; it is a 
post-Glacial rotting, usually from a ground-water 
rich in peat acids. We know that, because boulders 
(mostly, of course, granite, schist or limy rocks) 
remain fresh throughout a stiff, impervious till, but 
are rotted wherever that till has a loose, earthy 
texture and/or is in a ‘flow-earth’ state, through that 
solifiuxion which twice obtained in early post- 
Glacial times. 

The shattered rock at Tynemouth (whoever claimed 
it as a boulder-clay ?) is, as a ‘head’*, as much a 
myth as is the cliff from which it presumably came. 
I have distrusted Sir Edward’s judgment on these 
matters ever since his acclaim of a pre-Glacial 
weathered surface at Hessle, another myth long since 
exploded. The few pre-Glacial ‘heads’ known are all 
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in sheltered positions: that at Bridlington is snugly 
tucked away in a cliff foot behind Flamborough 
Head. Contrast this with the huge crumples in the 
chalk, and the incessant rafting on the exposed 
sea-face of the headland. 

For too long Sir Edward has had the idea that 
great ice-sheets can, over vast areas, be utterly 
innocuous to all beneath them. So was born the 
quaint belief in the immunity of frozen ground, 
thought to account for ‘re-advance’ tills on undis. 
turbed sand—-a belief quite against the physical 
evidence, and one which ignores those transported 
‘rafts’ of sand and clay, the parent strata of which 
really were frozen, as shown by their shattered 
margins and intact interior; proof enough, surely, 
that freezing has not saved them from the common 
fate. Nevertheless, this belief is not easy to reconcile 
with his public announcement, when confronted with 
an ‘Upper Till’ contact on unmoved sand, with 
the most obvious of roof-falls therein, that these 
represented “repeated surface creeps of boulcer- 
clay”’. 

Personally, I would not call a glaciation weak 
which carried trails (whether on or under the ice is 
immaterial) of Highland rocks and sea-bottom across 
Caithness, or Shap granite and Whin Sill along the 
Yorkshire coast, besides Southern Upland and 
Border rocks the whole way down to Norfolk. 


R. G. CARRUTHERS 


High Barn, 
Stocksfield-on-Tyne. 
Jan. 8. 


* Nature, 164, 1130 (1949). 
* For the criteria of Lead’, see Wright, W. B., “The Quaternary Ice 
Age”, 113 (2nd edit.; Macmillan, London). 


THE recent communication by Sir Edward Bailey’, 
describing the brecciation of rocks beneath boulder 
clay, is most interesting, and his opinion that this 
phenomenon is unlikely to be due to ice-movement 
agrees with my own observations. Examples can 
he seen in many places, and a particularly striking 
one was observed by me recently near Bury St. 
Edmunds, where chalk was seen to be shattered for 
a depth of 15 ft. below boulder clay. The glacial 
deposit at this section consisted largely of rounded 
pellets in a matrix of powdered chalk and sand, with 
many flints and occasional fragments of Jurassic 
septaria, Bunter quartzites and rare pebbles of Old 
Red Sandstone porphyrites. The state of the chalk 
under this boulder clay contrasted with that in the 
glacial deposit, as it was broken into angular pieces, 
but no rock fragments foreign to the chalk were 
found. Occasional rafts of this chalk-breccia had 
been thrust up into the boulder clay. 

The simplest explanation of these facts seems to 
be that the chalk was first broken into angular ‘head’ 
by frost action at some time before the arrival of 
the ice-sheet, and the ice which advanced later over 
the frost-shattered surface derived much of its chalk- 
content from this ‘head’, rounding the angular frag- 
ments in the process. Many examples of disrupted 
rock below boulder clay which have been seen in 
northern Britain seem to have a similar explanation, 
namely, a period of frost-action before the arrival 
of the ice. This interpretation is not new, but seems 
to be confirmed by the examples under discussion, 
although dislocation of the solid rock by the mech- 
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anical thrust of the ice may have taken place in 
some cases, as, for example, the famous chalk erratics 
of Cromer. 

The examples of weathered rock below boulder clay 
discussed by T. C. Phemister and S. Simpson’ are 
also most interesting, as there is no doubt that the 
Pleistocene ice worked on weathered surfaces at some 
places. The erratics of weathered Cheviot porphyrites 
associated in some boulder clays with fragments 
of other rocks which are quite fresh, for example, 
limestones, support this view. It may be very 
important to note that this explanation affects our 
ideas on the weathering of boulder clays in general, 
and, although some glacial deposits show true weather- 
ing of their own upper layers, examples which 
contain previously weathered material incorporated 
with fragments of unweathered rock must be re- 
membered in trying to ‘date’ boulder clays by their 
degree of weathering. 

D. F. W. Bapen-PoweELi 

University Museum, 

Oxford. 
Jan. 15. 

Nature, 164. 1130 (1949). 

* Nature, 164. 318 (1949). 


Flow of Mild Steel in the Austenite 
Range, 950-1 ,400° C. 


In the case of pure metals of cubic symmetry 
subject to external stresses at temperatures where 


work-hardening is practically absent, the theory of 


molecular rate processes yields for the natural tensile 
strain-rate é, of the quasi-viscous flow, as observed 
after the termination of the period characterized by 
internal adjustments due to transient creep, the 
expression! : 


éy A.T. exp (—H/kT) . sinh(qo/kT), (1) 
where o is the applied tensile stress, g a constant 
which can be considered as the product of a dimen- 
sionless stress-concentration factor and a constant 
having the dimensions of a volume. Although the 
parameter A, which also embodies the entropy of 
activation of the process by which dislocations are 
assumed to be generated, is dependent upon the 
dimensions of the mosaic blocks and upon the 
specific mode of slip which is operative, it is regarded 
as constant in the present work, particularly as 
variations in its magnitude at temperatures above 
the A,-point would be largely concealed even by 
small errors in the exponential term of equation (1). 

The flow of a 0-06 per cent carbon steel was in- 
vestigated over the ranges of temperature, strain- 
rate and stress: 950°—1,400° C., 3-5 x 10-5-7-0 x 10°° 
sec.-' and 80-280 kgm./cm.? (approx. }-2 tons/sq. in.) 
respectively, and good agreement with the functional 
relationship given by equation (1) was found. If o 
is expressed in kgm./cm.*, then g/k = 24-65; H/k 
28-4 x 10° and A = 5-0. 

The experiments were carried out in vacuo with 
polished specimens of circular cross-section of about 
1-3 mm.*, and of gauge-length 10 cm. when at the 
temperature of the experiment. The preparation of 
the specimens is described elsewhere*. The stress on 
the specimen was kept constant during the flow by 
means of an Andrade constant-stress beam. 

Pronounced third-stage creep invariably preceded 
fracture (see complete flow curve in diagram m1), 
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even though no necking was detectable. This seems 
to agree with the observation of Suily*, who found 
accelerating third-stage creep in compression tests 
on nickel-chromium alloys. Fracture of the steel 
generally occurred at strains of the order of 15-20 per 
cent. 

Because of the rapid annealing in the temperature- 
range considered, the persistence within the metal 
of high local stress-peaks of the nature considered by 
Mott and Nabarro‘ in their exhaustion mechanism of 
transient creep is here improbable. Thus, in order to 
account for the observed pronounced transient creep, 
the following assumptions were made. 

(a) The entropy of activation, as determined by 
the length (or equivalent length for other than edge 
dislocations), and not the variation in the heats of 
activation, controlled the rate at which already exist 
ing dislocations were effectively lost during transient 
creep. 

(6) Interaction between moving dislocations was 
negligible. 

(c) The product of the number of dislocations of 
length L at the time of application of the stress, and 
the length Z was constant for all lengths, that is, 


Nxz(0). LZ = const.; Lye <L<Lm. (2) 


(2) The amount of slip associated with the loss 
of a dislocation in transient-creep was proportional 
to its length. On this basis the transient creep strain 
was found to be given by: 


l 
fy = a.C. [ fs) — fim) | ae [exp (— C.f(L—).t - 


exp (— C.fil»).t], (3) 


where a, f(Z,) and f(Lm) are constants which were 
found to have the values 0-224, 6-0 and 0-4 respect- 
ively ; while C is a stress and temperature-dependent 
function given by 
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C = A’T. exp (— H’/kT) .sinh(q’c/kT), (4) 
with A’ = 3-2 x 10°; A’/k = 12-6.x 10°; @/k = 
15-10; and ¢ is the time in seconds, measured from 
the instant of the application of the tensile stress ¢. 

The full curves in the diagrams were drawn from 
values obtained from equation (3) ; the dots represent 
experimental points, and the broken curve drawn in 
diagram lI represents the quasi-viscous flow. It was 
obtained by subtracting the transient from the over- 
all flow enurve. During the period of pronounced 
transient creep, the stress-concentration factor q 
(equation 1) cannot be expected to have attained its 
final value. It will reach that value only as the metal 
‘hardens’ in the course of the decay of the transient 
flow. The quasi-viscous creep curve will, therefore, 
be bent near the origin, as is shown in diagram m1. 

The effect of carbon content, alloying, and specimen 
size on the flow is being studied. 

Pau FELTHAM 


British Tron and Steel Research Laboratories, 
140 Battersea Park Road, 
London, 8.W.11. 


* Novik, A. 3., and Machlin, E. S., J. App. Phys. (Jan. 1947). 
* Feltham, P., Metallurgia, 60 (Nov. 1949). 
* Sully, A. H., Metal Industry (Dec. 9, 1949). 


*Mott, N. F., and Nabarro, F. R. N., Report of a Conference on 
Strength of Metals, Phys. Soc. (London, 1948). 


Biological Control of the Mealybug Vectors 
of Swollen Shoot Virus,of Cacao 


In view of the results obtained by Boyce and 
Fawcett', working with Aspergillus parasiticus Speare 
as @ parasite of Pseudococcus gahani Green and 
Phenacoccus gossypii T. and C., it was considered 
worth while to initiate preliminary investigations 
designed to show whether this fungus would parasitize 
Pseudococeus njalensis Laing, the chief field vector 
of swollen shoot virus in the Gold Coast. 

Two strains of A. parasiticus (NRRL 465 and 502, 
herein designated (1) and (2) respectively) were 
received through the courtesy of Dr. K. B. Raper, of 
the Northern Regional Research Laboratory of the 
U.S. Department of Agriculture, Peoria, Ill. Prelim- 
inary tests were made by rolling adult P. njalensis 
in sporulating cultures of the fungi. Untreated 
mealybugs acted as controls. From the results, it 
was evident that A. parasiticus was able effectively 
to attack and kill P. njalensis (88 per cent dead after 
120 hr., compared with 11 per cent dead in controls). 

A more carefully controlled experiment was then 
carried out under conditions more nearly those of 
field practicability. The spores were applied (at the 
suggestion of Dr. Edward A. Steinhaus, of the 
University of California Agricultural Experiment 
Station) diluted with tale dust in a dust tower. Two 
control treatments involving no‘fungus spores were 
employed, one in which tale dust alone was applied 
to the mealybugs, the other consisting of no dust 
application at all. As a further control, two species 
of Aspergillus other than A. parasiticus were applied 
in two treatments. These were A. flavus Link ex 
Fr. emend. Wilh., closely related to A. parasiticus, 
and A. niger van Tiegh. sens. strict. The remaining 
two of the six treatments were those using strains (1) 
and (2) of A. parasiticus. 

Each’ treatment involved the application of 0-25 
gm. of tale dust, containing (in treatments 1-4) 
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approximately 12,000 fungus spores, to a hundred 
adult mealybugs divided into four batches of twenty. 
five, each batch being contained in a Petri dish of 
diameter 7-5 cm., to which had been added a filter 
paper moistened with sterile water. The four Petri 
dishes stood on the floor of the dust tower, of dia. 
meter 25 cm. The dust was blown upwards into the 
tower at a pressure of 20 Ib. per sq. in. and allowed 
three minutes to settle. 

The plates were examined daily under a binocular 
microscope. It was evident that under the conditions 
of the experiment, A. parasiticus could effectively 
parasitize P. njalensis within 96 hours. A. flavus and 
A. niger appeared to have a slightly deleterious 
action ; most of the mealybugs which died under thse 
treatments had fructifications of the respective funcus 
growing out of the corpses, usually dorsally or later 
ally in the thoracic region, as was also the case with 
the mealybugs killed by A. parasiticus. 

The experiment was ted ten weeks later, 
using the same dusts, which had been stored in 
corked tubes. The results were closely comparable 
with those of the first series. The corrected per- 
centage deaths* after 96 hr. for the six treatments 
in the two experiments respectively are tabulated 
below : 


Fresh dust Dust stored 10 weeks 


A. parositicus (1) 

A. parasiticus (2) 

A. flavus 

A. niger 

Control: talc alone 
Control: no treatment 


Further work on this subject will be directed 
towards a study of the effect of A. parasiticus on 
mealybugs living in established colonies on cacao 
plants. 

Joun NIcon 
Harotp OWEN 
A. H. Srrickianp 
West African Cacao Research Institute, 
Tafo, 
Gold Coast Colony. 
Jan. 20. 
' Boyce, A. M., and Fawcett, H. S., J. Bron. Ent., 40, 702 (1947 
* Abbott, W. 8., J. Econ. Ent., 18, 265 (1925). 


Growth of Egyptian Lambs: Effect of 
Artificial Feeding and Breed 
Differences 


Artiric1at feeding of lambs is not practised in 
Egypt, owing to the breeders’ belief that lambs do 
not survive unless they suckle their mothers for at 
least three to four months. The present study was 
undertaken to investigate the real effect of such 
practice with both Awsemy and Rahmany breeds. 

Twenty lambs were taken at random and divided 
into two equal groups, one of which was naturally 
fed, while the other was bottle-fed on whole buffaloes’ 
milk. Each of these groups consisted of six Awsemy 
and four Rahmany lambs with the same proportion 
of male and female. All individuals were weighed 
after birth and then at weekly intervals throughout 
the experiment (eighteen weeks suckling and ten 
weeks after). The fortnightly weights, however, are 
taken for discussion. 

(a) Artificial feeding. The experiment started with 
approximately the same average birth-weight for 
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both the naturally and artificially fed groups, namely, 

3-65 and 3-88 kgm. respectively. Both groups have 

since grown at the same rate, as shown in Fig. 1. 

The average live-weight gains during the suckling 
period were, thus, 16-68 kgm. for the naturally fed 
group and 15-63 kgm. for the artificially fed group, 
while the respective gains in ten weeks after weaning 
were 10-11 and 9-93 kgm. The differences between 
the gains in both periods were statistically insignificant 
is calculated by the t-test’. These results, together 
with the fact that no death occurred among the 
artificially fed group, are contrary to the belief of 
Egyptian sheep breeders previously mentioned. 

The amount of buffaloes’ milk given to each of the 
artificially fed lambs was, on the average, 80-68 
itres, which is equivalent to 66-57 litres of sheeps’ 
milk on the basis of the calorific value. This amount 
is about 19-21 and 44-97 litres more than the average 
yields of Rahmany and Awsemy ewes respectively*. 
Quantities must, therefore, be regulated on the 
basis of the average yield of ewes, as the extra feeding 
did not show any effect. 

(b) Breed differences. Since there was no sig- 
nificant difference between the growth of lambs in 
both natural and artificial feeding, the fortnightly 
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live-weights of the lambs of each breed in both 
groups were pooled and the averages calculated. 
Though the average live-weight of the Awsemy 
lambs was higher than that of the Rahmany, namely, 
3-73 and 3-18 kgm. respectively, Fig. 2 shows that 
the former breed grows at a much slower rate than 
the latter; the respective live-weight gains being 
14-12 and 19-21 kgm. during the suckling period, 
with a statistically significant difference of 5-09 kgm. 
On the other hand, this difference was insignificant 
during the ten-week period that followed weaning. 

The average live-weight gain of the six Awsemy 
lambs in the artificially fed group during suckling 
was 12-78 kgm., while that of the four Rahmany 
lambs in the same group was 19-90 kgm., thus giving 
a significant difference of 7-12 kgm. This confirms 
that the Rahmany breed has a better inherited re- 
sponse to growth and is thus more suited for butcher’s 
meat than the Awsemy. 







I. Srrry 
A. M. Et-SoxkKary 
Faculty of Agriculture, 
Fouad I University, 
Cairo. 
' Fisher, R. A., “Statistical Methods for Research Workers” (1936). 
* Sirry, I., El-Sokkary, A. M.. and Hassan, H. A. (go be published) 


Production of Mutations in Drosophila 

using Four Aryl-2-halogenoalkylamines 

Arrer study of the cytotoxic effects of a long 
series of aryl-2-halogenoalkylamines', Haddow, Kon 
and Ross, with P. C. Koller and 8. Revell, have 
related these effects to chromosome injury and have, 
in addition, proved a number of these compounds 
to be carcinogenic. In view of these findings, it 
became of interest to test whether some cf these 
compounds could induce germinal mutations in 
Drosophila, similar to those obtained by Auerbach* 
with mustard gas and related compounds. Several 
of these aromatic nitrogen mustards have given 
encouraging results in preliminary tests using the 
Walker rat carcinoma as test object, and four of 
them have now been tested for mutagenic action on 
Drosophila melanogaster : 


NN-Di-(2-chloroethy])-p-toluidine (I) 
NN-Di-(2-chloroethy])-p-anisidine (II) 


8-Naphthyldi-(2-chloroethy])-amine (ITI) 
8-Naphthyldi-(2-chloropropyl)-amine (IV) (mixture 
of isomers) 


The preparation of these compounds has been 
reported by Ross* (I-III) and Everett and Ross‘ (IV). 

All four were administered by feeding. The quan- 
tity was dissolved in 1 c.c. of arachis oil, and this was 
intimately mixed with 50 c.c. of hot agar—yeast 
medium. Arachis oil alone was used for the controls, 
and a counted number of newly hatched wild type 
(Oregon-K) larve added. The compounds were 
highly toxic, and just sub-lethal doses sterilize the 
adults, produce larval ‘tumours’ and other abnorm- 
alities. For example, I at 0-007 per cent produced 
81 per cent abnormal abdomens, the sclerites being 
irregular both in structure and pigmentation. To 
test for sex-linked recessive lethals, males reared on 
the test media were each mated to several Muller-5 
females, and 3-6 days later to another set of Muller-5 
females to give a second brood. The results are 
shown in Table 1, from which it will be seen that all 
compounds produced a significant increase in- the 
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number of sex-linked lethals over the controls, and 
that these were usually more frequent in sperm 
produced in the earlier days of adult life. The apparent 
reversal of mutation-rates with IV is due to the small 
size of the first brood, the males *Scing very sterile 
during the first few days of adult life. 

Some males produced more than one lethal. Many 
of these have been placed genetically and only very 
few clusters were indicated ; most of the lethals were 
not identical. Some semi-lethals were also found 
in the F,, and many of these proved to be gonadic 
mosaics of the F’, female for a full lethal. Auerbach® 
found the sarae phenomenon with sulphur mustard 
and suggested that it indicates an induced instability 
of the chromosome. 

I and IIT were tested on a small scale for the pro- 
duction of fragments and visibles. Males were mated 
to females with a marked attached-X chromosome. 
F’, females were observed to detect deleted fragments 
covering one or more of the marker genes, and the 
F, males were scored for visibles. Table 2 gives the 
results: only one female showed the presence of a 
deleted fragment. The majority of visibles were 
Minutes, including several mosaic Minutes, while the 
other visibles were sex-linked recessives or autosomal 
dominants (non-Minute). Many of the Minutes proved 
sterile ; but those from which a reasonably sized F, 
could be obtained bred as autosomal dominants, and 
were probably mainly small deficiencies. 


Table 2 


| | ae re a 
Hyper- | 
ploif | Wild | | % |Sex-linked 
fora | type | Min. | Min. | recessive 
i 


Normal 
lethals 


diploid | 
| FP, shed bee, ad | F, dé 
[ 0-003% 

I 0007% 
Ill 0-07% 
Controls 


Auerbach noted with mustard gas that the pro- 
portion of translocations, and to a smaller extent 
deletions, to sex-linked lethals is_ significantly 
smaller than after X-ray treatment. If this also 
holds for the aromatic nitrogen mustards one would 
searcely expect many large deletions in the 3,490 
examined, when the percentage of sex-linked lethals 
produced by the same dose is so low. From these 
results it is clear that the four compounds can produce 
mutations, including sex-linked recessive lethals, 
visibles and probably small deficiencies. The low 
mutation-rates compared to mustard gas may be the 
result of several factors, such as the indirectness of 
the_feeding method, the toxicity of the compounds, 
or differences in the sensitivity of mature sperm and 
immature germ cells. The general toxicity severely 
limits the dose in feeding experiments, but other 


methods such as aerosol and injection are now being 
tried to overcome this difficulty. 
Myrtte J. Brep 
Chester Beatty Research Institute, 
Royal Cancer Hospital, 
Fulham Road, 
London, 8.W.3. 
Feb. 17. 
Haddow, A., Kon, G. A. R., and Ross, W. C. J., Nature, 162, 224 
(1948). 

: sre C., and Robson, J. M., Proce. Roy. Soc. Edin., 62, 271 
’ =... W. C. J., J. Chem. Soe., 133 (1949). 
* Everett, J. L., and Ross, W. C. J., J. Chem. Soe., 1972 (1949 
* Auerbach, C., Proc, Roy. Soc. Edin., 68, 307 (1947). 


Parthenogenetic Development of Eggs 
from a Cestode Cultured 
Aseptically in vitro 


Ir has been shown that plerocercoid larve of the 
cestodes Schistocephalus solidus and Ligula intestinalis 
may be cultured to maturity in vitro in liquid media 
at 40°C. under sterile conditions. In the early 
experiments'»?, although sexually mature tapeworms 
developed, eggs produced in vitro failed on testing 
to form embryos. Histological examination revealed 
that spermatozoa were not present in the receptaculum 
seminis of the proglottids, suggesting that failure cf 
eggs to form embryos was attributable to non- 
fertilization. In later experiments with Ligula*, a 
small number (6 per cent) of embryonated eggs were 
obtained from larve cultured in horse serum. 

Further experiments have now been carried out 
on Schistocephalus, larve being dissected aseptically 
from infected fish (Gasterosteus aculeatus) and cultured 
in @ range of liquid media under sterile conditions at 
40° C. It has been found that when the pH was care- 
fully controlled (by using large volumes of serum 
or saline media and solid calcium carbonate) and 
anaerobic or semi-anaerobic conditions were main- 
tained, worms produced eggs capable of up to 85 per 
cent embryonation. Such embryonation, however, 
was very irregular. Only about 5 per cent of de 
veloping eggs formed normal! full-sized coracidia which 
hatched normally; the remainder developing into 
aberrant types which for convenience have been 
termed ‘miniature’ and ‘abnormal’. 

‘Miniature’ coracidia were, on the average, one- 
third to one-half the normal size, and although 
perfectly developed with ciliated embryophore and 
hooks, failed to hatch in spite of active rotation 
within the eggs. Such coracidia could be hatched by 
pricking the egg with a glass needle. ‘Abnormal’ 
coracidia were characterized by the peculiar position 
of the embryophore, which, although showing ciliary 
movement, failed to enclose the hooked region of the 
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coracidium but appeared as a ciliated ring at one end 
of the egg; such coracidia could not be hatched by 
pricking. ’ . 

Histological examination of cultured worms showed 
that, even in worms giving 85 per cent egg embryona- 
tion, the receptaculum seminis was still devoid of 
spermatozoa. Since the receptaculum of worms 
matured naturally in a bird gut (the normal environ- 
ment) was always filled with great masses of sperm- 
atozoa, it is tentatively suggested that eggs from 
worms matured in vitro undergo parthenogenetic 
development. It is possible that the 5 per cent 
normal self-hatching eggs may have been fertilized, 
but that the small number of spermatozoa concerned 
could not be distinguished in histological sections. 

I am indebted to the Medical Research Council of 
Ireland for a generous grant-in-aid m connexion with 
this work. 

J. D. Smytu 
Department of Zoology, 
Trinity College, 


Dublin. 

Dec. 6. 
Smyth, J. D., J. Bap. Biol., 23, 47 (1946). 
Smyth, J. D., Parasitology, 38, 173 (1947). 


Smyth, J. D., J. Bap. Biol., 26, 1 (1949). 


Completion of Mitosis after Death 


Ir has been shown that when sugar and phosphate 
are unavailable, mitotic activity in the mouse is 
severely depressed. Such a depression develops 
rapidly after injections of insulin or phloridzin’ and 
during ischemic shock*. In these circumstances the 
significant observation can be made that sudden 
sugar-lack has no effect on the completion of any 
mitosis already under way. It has been suggested 
that the great importance of sugar in cell division 
may be for the production of energy; but if this is 
correct it is also evident that such energy is required 
only at the very beginning of the process*. 

The independence of the later stages of mitosis 
has now been strikingly demonstrated in the follow- 
ing manner. Sleeping mice were killed at 13.00 hr. 
in order that their tissues should contain a maximum 
number of mitoses‘, males being used in preference 
to females in order to avoid the effects of the cestrous 
yele. Pisces of ear were removed at the time of 
leath and at hourly intervals thereafter, and in this 
way it was possible to discover the fate of the many 
mitoses present in the epidermis. The results of an 
experiment, performed with ten mice, are given in the 
awcompanying table. 

Average numbers of mitoses present per unit length (1 cm.) of sections 


f ear epidermis (cut 7 « thick) in a group of ten male mice killed at 
13.00 hr. 


Time of day Numbers of mitoses Phases of division 
13-00 6530-14 PMAT 
14-00 2-7 +0°19 MAT 
15-00 15 40°11 AT 
6-00 0-6 + 0°15 T 
17-00 0-5 + 0-14 T 
18-00 0-6 + 0°17 T 


in the phases of division, P represents the prophase, M the metaphase, 
A the anaphase, and 7 the telophase. 


This shows clearly that almost all the mitoses 
resent at the time of death continued without inter- 
mption, and since it is known that in a male mouse 
the normal time taken for the completion of an 
‘pidermal mitosis is about 2} hours, it is evident that 
the process was not even significantly delayed. The 


NATURE 


493 





stoppage of all cell division shortly after 15.00 hr. 
may perhaps indicate that the epidermis itself died 
at about this time. 

Results similar to these have been obtained from 
bodies kept at a room temperature of 20° C. or in an 
oven at 38°C., and they have also been seen in a 
variety of internal tissues. Evidently, so long as the 
cells themselves remain alive, the lack of a blood 
supply is no bar to the completion of cell division, 
and even in isolated pieces of tissue the same result 
has been obtained. This last observation has made 
possible a re-examination of the effects of oxygen- 
lack. Medawar® has already shown that oxygen is 
essential for the development of mitotic activity in 
the rabbit epidermis, and this observation has now 
been confirmed in the mouse. However, it has also 
been shown that oxygen, like sugar, is necessary only 
for the initiation of a mitosis, and that when a division 
has progressed far enough to be recognizable as a 
prophase, it can be completed in an atmosphere of 
pure nitrogen® 

Thus the experiments so far performed with 
mammalian epidermis indicate that both sugar (or 
glycogen) and oxygen are essential for the initiation 
of a mitosis, but that neither is necessary for its 
completion. This suggests that the beginning of cell 
division involves the development of a significant 
amount of energy obtained by the aerobic destruction 
of sugar (or glycogen), and the evident importance 
of phosphate strengthens this hypothesis. The fact 
that sugar, phosphate and oxygen have no further 
importance once a division has entered the prophase 
suggests either that energy is consumed only at the 
very beginning of the process, which seems unlikely, 
or that at this time energy is stored to be released 
as required during the course of the division. This 
latter theory is now being investigated. These results 
are to be published in full elsewhere. 

W. 8. Butiover 

Department of Zoology, 

University of Sheffield. 

Dec. 5. 
' Bullough, W. S., J. Exp. Biol., 26, 83 (1949). 
* Bullough, W. S., and Green, H. N., Nature, 164, 795 (1949). 
* Bullough, W. 8., J. Endocrinol., (6, 350 (1950)). 
‘ Bullough, W. 8., Proc. Roy. Soc., B, 135, 212 (1948). 
Medawar, P. B., Quart. J. Mic. Sci., 88, 27 (1947). 
* Bullough and Johnson (unpublished). 


Sodium Fluoroacetate as a Systemic 
and Contact Insecticide 


Ir has been shown that many fluoroacetates are 
extremely toxic to mammals'~* and that some are 
powerful systemic and contact insecticides*:*. The 
salts of fluoracetic acid (notably sodium fluoroacetate) 
have been used as rodent poisons®* ; but it appears 
that the insecticidal properties of these salts have not 
been recognized, since Schrader® states regarding 
them that “No contact insecticide action has yet 
been observed’’. Sodium fluoroacetate occurs in the 
poisonous South African plant gifblaar (Dichapetalum 
cymosum), and it seemed possible that it might be 
tolerated by other plants. For the above reasons, 
sodium fluoroacetate was tested as a contact and 
systemic insecticide. The material was prepared and 
kindly supplied by Dr. B. C. Saunders’. 

As in previous experiments’, the biological tests 
were carried out in a greenhouse kept at about 
15-25°C. The test insects were Aphis fabe on 
broad beans. 
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Contact action. Dipping tests using 0-1 per cent 
‘Teepol’ as a wetter showed that sodium fluoro- 
acetate had a marked contact action. The lowest 
concentration giving a complete kill was 0-001 per 
cent w/v, which was effective in two days. A 0-01 per 
cent solution was effective in one day and in this case 
the plant was toxic to aphids applied two days later. 
By the fifth day the plants had lost their toxicity. 

Absorption from the roots. Tests made with plants 
growing in soil and in sand-culture showed that 
sodium fluoroacetate was a highly effective systemic 
insecticide. As little as 1 mgm. added to a 3}-in. 
diameter pot containing about 400 gm. of soil freed 
the plant from aphids in five days. In sand 0-1 mgm. 
was effective. The treated plants remained toxic to 
aphids for ten days or more, depending on the amount 
applied. 

In culture solutions the material was similarly 
effective, and complete kills of aphids have been 
obtained on plants supplied with 100 c.c. of a 0-00005 
per cent w/v solution; that is, a maximum of 
0-05 mgm. per plant weighing 10-15 gm. 

Concentration in the plant necessary to kill the 
aphids. When applied to the cut tap-root and 
quickly absorbed by a plant, it was found that 
0-1 mgm. was effective in one day, while 0-01 mgm. 
freed a plant of aphids in four days. The latter 
represents a concentration of 1 mgm. of sodium 
fluoroacetate per kilo of plant tissue. 

Absorption from the leaves. When a 0-01 per cent. 
w/v solution was allowed to drip on to one pair of 
leaves, it was found that from one to two days later 
the aphids began to fall off the leaf-pair situated on 
the same side of the stem above, and in favourable 
eases the whole plant was freed from aphids in four 
or five days. This suggests that the toxic material 
had reached the aphids on leaflets situated on the 
stem both above and below that to which the solution 
was applied. A similar absorption and distribution 
of plant hormones is said to occur. 

Mode of action. Tests failed to show any vapour 
action with the solutions used, neither did the treated 
plant appear to transpire any toxic substance as 
occurs with bis (dimethylamino) fluorphosphine oxide. 
It must be concluded that the aphids were poisoned 
by the sap. 

Tests against other insects. These are incomplete ; 
but preliminary experiments show that a 0-0005 per 
cent solution of the fluoroacetate was effective 
systemically against the chrysanthemum aphid 
(Macrosiphoniella sanborni, Gill.) and the pea aphid 
(Acyrthosiphum onobrychidis, Fons.). When cultured 
on broad beans, the latter was more resistant than 
Aphis fabe. 

Effect on the plants. No detailed study has been 
made of the effects of sodium fluoroacetate on the 
plants. From observations made over fifteen days, 
however, it appears that broad beans begin to show 
injury at about 50-100 times the dose or concentra- 
tion necessary to kill Aphis fabe. 
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Comparison with bis (bis dimethylamino) phos. 
phonous anhydride. Although fully adequate com. 





parative tests have not been carried out, it appears | 


that sodium fluoroacetate is more toxic to A phis 
fabe than phosphonous anhydride’, as the accom. 
panying table shows. 

A more comprehensive investigation of the insect. 
icidal action of sodium fluoroacetate is being made : 
but meanwhile it is perhaps well to emphasize its 
high mammalian toxicity. The median lethal dose 
(LD,,) for Norway rats is 0-22 mgm./kilo, which 
compares with 4-8 mgm./kilo for strychnine sulphate’, 
In the present state of knowledge it cannot be used 
as an insecticide and its hazards are completely 
unknown. 

W. A. L. Davin 


Agricultural Research Council, 
Unit of Insect Physiology, 
Cambridge. 

Dec. 6. 


*McCombie, H., and Saunders, B. C., Nature, 158, 382 (194¢ 
* Saunders, B. C., Nature, 160, 179 (1947). 

* Saunders, B. C., and Stacey, G. J., J. Chem. Soc., 1773 (1948 
* Martin, H., and Shaw, H., Rept. No. 1095 Brit. Intell. Obj 

Comm. (London, 1948). 

* Schrader, G., Rept. No. 714 Brit. Intell. Obj. Sub. Comm. (1948), 
one, = H., and Richter, C. P., Pub. Health Rep., G1 (19). 672 
* David, W. A. L., and Kilby, B. A., Nature, 164, 522 (1949). 
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Influence of Aeration on Rate of 
Growth in Cultures 


DvuRING a recent investigation, it was necessary 
to obtain large quantities of coliform organisms free 
from agar extractives and from complex peptide 
material. While working with a simple medium con- 
taining ammonium salts (or asparagine) and dextrose, 
it was found that an enormous increase in growth 
could be obtained by passing air through the medium. 
The following conditions were found to be essential 
to the success of this procedure. (1) The aeration had 
to be violent and unremitting, and sufficient to main- 
tain the whole of the medium in a state of turbulence. 













ope meee ye 





= 


(2) Media of a more complex nature, giving a positive | 


biuret reaction, frothed excessively, and the common 
foam suppressors failed to control it. (3) The cooling 
effect of such an air stream was considerable, and 
immersion of the culture bottle in a water-bath was 
necessary to overcome this. A practical method of 
dealing with it in an incubator could not be found. 
(4) A moderately complex system of air sterilization 
was unavoidable. (5) Carbon and nitrogen in the 
medium had to be adjusted to meet the increased 
growth. 

The technique finally used for the preparation of 
mass cultures ws as follows. A water-bath measuring 


2 ft. by 2 ft. by 2 ft., electrically heated and loaded to 


6kW., and set at 39° C. was used. It was an advantage 
to have this wired to a time switch. Ten litres of 
medium was sterilized in a 20-litre bottle fitted 
with (1) an air inlet tube, the lower part of which was 
pressure tubing, leading to two ‘Aerox’ ceramic tubes, 
2 in. by 3 in., porosity 28, lying in line horizontally 
on the floor of the bottle, (2) a wider air outlet leading 
to an 8-ft. length of rubber tubing which was paid 
out into a drain, and (3) an inoculation and sampling 
tube, the part in the medium being of rubber and the 
part outside the bottle entering a test-tube to make 
a syphon. The medium was inoculated with 200 ml. 
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f starter culture. Compressed air, sterilized by pass- 
ing through sulphuric acid in a stainless steel pressure- 
tank, over dry sterile charcoal in a 3 ft. x 2} in. 
steel cylinder and through a sterilized slag wool 
filter, was passed through the medium at about 
0-75 cu. ft. per minute; this corresponded to a 
pressure of 4-6 Ib. per sq. in. at the compressor end 
of the system. The growth approached its maximum 
at about 9 hr. and was harvested at 13 hr. 

The growth of such a culture of Bact. coli is shown 
in the accompanying graph. In this example, the 
viable count of the aerated culture was thirty-four 
times greater than that of the control. In order to 
ensure that the full possibilities of the control 
medium had been exploited, it was incubated for a 
further 12 hr. Comparison of opacities after this 
showed a difference of twenty-three times between 
the two cultures, and the numbers of cells per ml. 
as estimated by opacity tubes was 24,000 million in 
the aerated culture and 1,100 million in the control. 

Ricuarp 8. Roperts 

Evans Biological Institute, 

Runcorn, Cheshire. 
Dec. 8. 


Formation of a Green Oxidation-Reduction 
Indicator in Plant Extracts 


CerTAaIN plants have been found to yield a thermo- 
stable system which slowly produces a blue-green 
pigment by atmospheric oxidation. After acidifying 
with hydrochloric acid, the green colour was changed 
to red. If the first green solution was allowed to 
stand, the green changed back to the original yellowish 
colour, with the exception of the surface layer, which 
Temained greenish. Thus the above green pigment 
may serve as @ natural indicator in various physio- 
logical investigations ; its chemical nature is now 
under investigation. 
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An extract of the substance was prepared as 
follows. Yellow peelings of ripening ‘Victoria’ plums 
were put into boiling water, and the heating was 
discontinued immediately. After about thirty 
minutes, the extract was decanted; powdered 
sodium bicarbonate was added to bring the pH to 
8-9, and the liquid was shaken with air. This pro- 
duces the green pigment. 

The same reaction was shown in extracts from the 
leaves of some other plants; as, for example, 
Sanguisorba officinalis, Achillea millefolium, Con- 
volvulus arvensis, Solidago virgo aurea, Taraxacum 
officinale and Sonchus sp. Also yellow petals of these 
two latter showed a similar reaction. 

ANTONI KozLowskI 
East Malling Research Station, 
Kent. 


A Branched Pipette 


A BRANCHED pipette similar to that described by 
Swallow! has been in use in my laboratory here 
since 1939. This was designed by me to expedite 
measurement of small quantities of liquid for rapid 
soil analysis, and a number were made by a London 
firm of glassblowers. In this pattern, the branches 
are Y-shaped and approximately symmetrical. Be- 
sides the advantage of rapid measurement, they are 
easily cleaned by directing a jet of water through 
the opening A and are also convenient to hang up in 
a hook or through a hole in a shelf. 





2. . 2 2 ooo 





In a slight variation of the pattern, the tube is 
expanded at B and is ground to fit the. mouth of a 
bottle containing a liquid in frequent use. A loose- 
fitting cap is put over A if the liquid is volatile or is 
not in a situation protected from dust. 

The parallel-sided rubber bulb, R, is preferable 
to the ordinary pear-shaped bulb. 

H. W. GarDNER 
Hertfordshire Institute of Agriculture, 
Oaklands, 
St. Albans, Herts. 


Swallow, A. J., Nature, 165, 249 (1950). 


Potato Tuber Eelworm and Iris Bulbs 


For the past twenty-five years the identity of the 
nematode causing disease in bulbous irises has been 
in doubt. Investigations carried out in this Depart- 
ment during the past two years have proved con- 
clusively that the potato tuber eelworm, Ditylenchus 
destructor Thorne, 1945, also infests bulbous irises 
belonging to Dutch, English and Spanish varieties. 
A full account of the investigations is being published 
elsewhere. 

J. Bastz Goopry 
Nematology Department, 
Rothamsted Experimental Station, 
Harpenden, Herts. 
March 13. 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, March 27 

INSTITUTION OF ELECTRICAL ENGINEERS, RapDIo ScTion (at 
Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.— 
Mr. T. H. Bridgewater : “The Operation and Maintenance of Television 
Outaide- Broadcast Equipment’’. “ 

ROYAL Grog@RaPpnHicaL Society (at 1 Kensington Gore, London, 
S.W.7), at 5.30 p.m.—*“The Maya through the Ages” (Colour film with 
sound commentary). 

[NSTITUTION OF THE RUBBER INDUSTRY, MANCHESTER AND DISTRICT 
SecTion (at the Engineers’ Club, Albert Square, Manchester), at 6.15 
p.m.—Mr. H. Whiteut: “Polytetrafluorethylene”. a 

InstrITUTION OF WORKS MANAGERS, GLASGOW BRANCH (at 
Institution of Engi and Shipbuild in Scotland, 39 Elmbank 
Crescent, Glasgow), at 7 p.m.—Mr. J. A. Mack: “Philosophy of 
Industrial Management”. 


Tuesday, March 28 

INSTITUTE OF FUEL (at the Institution of Mechanical Engineers, 
Storey’s Gate, St. James's Park, London, 8.W.1), at 5.30 p.m.—Mr. 
M. W. Thring: “High-Temp Combustion-Heated Furnaces”’. 

Royal Socrery or Mepictne (at 1 Wimpole Street, London, W.1), 
at 5.30 p.m.—Discussion on “The Present Position of the Newer 
Antibiotics” (to be opened by Prof. L. P. Garrod). sn 

INSTITUTION OF ELECTRICAL ENGINEERS, SCOTTISH CENTRE (a e 
Institution of Engineers and Shipbuilders in Scotland, 39 Elimwbank 
Crescent, Glasgow), at 7 p.m.—Mr. H. E. Dance: “Visual Methods in 
Engineering Teaching”. 


Tuesday, March 28—Monday, April 3 

ROYAL METBOROLOGICAL Soctrty.—Centenary Celebrations. 
Tuesday, March 28 (at Oxford) 

At 3.30 p.m.—Symposium on “Radiation and its Effect on the 
Troposphere and Lower Stratosphere”. 

Wednesday, March 29 (at Oxford) : 

At 9.30 a.m.—Symposium on “Physics of Cloud and Precipitation : 
at 230 > n.iyepenem on “The Structure of Weather Systems”. 
Thursday, March 30 (at Oxford) 

At 9.30 a.m.—Symposium on “The General Circulation”; at 
2.30 p.m.—Symposium on “Climatic Change”. 

Friday, March 3! (»t Oxford) e 

At 9.30 a.m.—Symposium on “Meteorology and the Community’, 
Monday, April 3 








At 10 a.m. (at the Imperial College of Science and Technology, 
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Thursday, March 30 

At 10 a.m. (at the Institution of Mechanical Engineers, Sto; 
Gate, St. James’s Park, London, 8.W.1).-Symposium on “Metall 
gical Aspects of the Hot-Working of Non-Ferrous Metals and All. 
Friday, March 3! 

At 10 a.m. (at 4 Grosvenor Gardens, London, 8.W.1).—Dinew 
of Papers. 


Thursday, March 30 


BRITISH GLACIOLOGICAL Soctety (joint moodng wah the LxstTi7vogy 
OF REFRIGERATION, at the Royal i ty, 1 Kensingta 

Gore, London, 5.W.7), at 4.30 p.m.—Symposium on “The Deposi 

of Ice on Exposed Surfaces”. , 

Royat Soctety (at Burlington House, Piccadilly, London, wip 
at 4.30 p.m.—Seientific Papers. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, Victg 
Embankment, London, W.C.2), at 5.30 p.m.—Symposium on “ 
M.K.5S. System of Units’’. 

ROYAL STATISTICAL SOCIETY, SHEFFIELD Group of the LypusT 
APPLICATIONS Section (in Room Bl, The University, St. Geo 
Square, Sheffield), at 6.30 p.m.—Mr. A. H. Dodd: “Variability 
Chemical Analyses”. 

RoyAL InstirvTe or CHgmistry, Lo 
CountTigs SECTION (at Messrs. Philips q 
Mitcham Junction), at 7.15 p.m.—Dr. W. D. Jones: “The Prod 
of Heat Resisting Materials by Powder Metallurgy”. 


Thursday, March 30—Tuesday, April 4 

BRITISH PSYCHOLOGICAL Society (at Reading).—Annual Gene 

Mevting. 
Friday, March 31 : 

INSTITUTION OF MECHANICAL ENGINEERS, STEAM GROUP (at Storey’s - 
Gate, St. James's Park, ndon, 5.W.1), at 5.30 p.m.—Mr. B. W 
and Mr. P. Betts: ‘“A Contribution to the Theory of Natural Draught 
Cooling Towers”’. 


Friday, March 31—Wednesday, April 5 


PHYSICAL Society (at the Imperial Co! of Science and Techn 
logy, Imperial Institute Road, London, 8.W.7), at 10 a.m. each day. 
—Annua! Exhibition of Scientific Instr ts and Apparatus. 





APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on oF 
before the dates mentioned : 

RESEARCH OFFICER (chemist or biochemist) to study the com 

ition and structure of gelatine and glue—The Director of Research, 





South Kensington, London, 8.W.7).—-Discussion on “A spheric 
Turbulence” a S p.m. (at 49 Cromwell Road, London, 8.W.7).— 
Centenary Meeting. 


Wednesday, March 29 

>yystcaL SoctreTy, Low TEMPERATURE GrovP (in the Lecture 
mR Royal School of Mines, Prince Consort Road, London, 
3.W.7), at 2.30 p.m.—Discussion on “The Thermodynamic Properties 
fo " in the Physics Department 

PuystcaL Society, Optical Group (in the ysics partment, 
Imperial College of Science and Technology, Imperial Institute Road, 
London, 8.W.7), at 3 p.m.—Scientific Papers. 

Royal SratisticaL SocIgTY, RESEARCH SECTION (at the London 
School of Hygiene and Tropical Medicine, Keppel Street, London, 
W.C.1), at 5.15 p.m.—Symposium on “Ranking ne 4 : 

NSTITUTION OF ELEOTRICA® ENGINEERS, Suppiy SecTion (a! 
ool. Victoria Embankment, London, W.C.2), at 5.30 p.m.— 
Mr. G. Lyon: “Some Experience with a British A.C. Network 
: ‘a E NORTH-WESTERN RADIO 

TION OF ELECTRICAL ENGINEERS, } - 
que (at the Engineers’ Club, Albert Square, Manchester), at 6.30 
»m.—Dr. J. A. Pim: “The Electrical Breakdown Strength of Air at 
Pitra-High Frequencies”’. 


Wednesday, March 29—Thursday, March 30 

CueMicaL Socrsty (at Edinburzh).—Anniversary Meetings. 

Wednesday, March 29 ini ae 
11 a.m. (in the Chemistry Department, King’s ngs, Wes' 

Mains Road).—Sir Ian Heilbron, PRS: “The Chemical Society 
a Mid-Century Review” (Presidential Address); at 12 noon.—Ann 
General Meeting. 
Thursday, March 30 ‘ 

At 11.30 a.m. Ga ie Setar De - ee oe 
Mai Road).—Prof. G. Hevesy, For.Mem.R.5. : 
of Radioactive Indicators in Biochemical Studies” (Faraday Lesture). 


Wednesday, March 29—Friday, March 31 

NSTITUTION OF NAVAL AkonrrgcTs (on board the Wellington, 
= — Ship of the Honourable Company of Master Mariners, 
Temple Stairs, Victoria Embankment, London, W.C.2), at 10.15 a.m. 
each day.—Spring Meeting. 

[INSTITUTE OF METALS.—Annual General Meeting. 
Wednesday, March 29 inde 

‘ . (at the Café Royal, Regent Street, London, W.1).— 
At 10.30 a.m. (@ ~~ , 


General Meeting; Mr. H. 5. Tasker: ¥ 
ar = (at the Institution of Mechanical Engineers, Storey’s 
Gate, St. James’s Park, London, 8.W.1).—Discussion of Papers. 


British Gelatine and Glue Research Association, 2-4 Dalmeny Avenua, 
London, N.7 (April 1). 

SENIOR ASSISTANT IN THE DEPARTMENT OF SCIENCE AND RELA 
MATHEMATICS—The Principal, Aston Technical College, Whi 
Road, Birmingham 6 (April 1). 

Sexton Examiners for the Textile, Metallurgical and Chemical 
Laboratories in the Ministry of Supply Test House, Middlesex— 
The Ministry of Labour and National Service, Technical and Scientifie 
Register (K), York House, Kingsway, London, W.C.2, quoting F. 
139/504 (A 1). 

LECTURER IN DENTAL PATHOLOGY AND BACTERIOLOGY in the 
School of Dental Surgery—The Registrar, The University, Liverpod 


(A 3). 

A BIOLoGIst in the Fisheries and Game Branch, 
of the Chief Secretary, Victoria—The Agent-General for Vic 
Victoria House, Melbourne Place, Strand, London, W.C.2, ¢ 
“Biologist” (April 5). 

LECTURER IN AGRICULTURAL BoTANY-—The Secretary, The Univer 
sity, Aberdeen (April 7). 

ASSISTANT EXPERIMENTAL OFFICER IN THE ENTOMOLOGY DEPART 
MENT, for work on soil insects—The Secretary, Rothamsted Expert 
mental Station, Harpenden, Herts (April 8). 

LECTURER IN CHEMISTRY in the Leeds College of Technology—The 
Chief Education Officer, Education Department, Leeds 1 (April 8). 

RESEARCH ASSISTANT IN ZOOLOGY (graduate specially qualified in 
entomology and helmini ), and a DEMONSTRATOR and FIELD 
ASSISTANT IN THE BOTANY DEPARTMENT ( 
ferably honours, and special 


ASSISTANT TO THE CHIEF SAFETY ENGINEER in the Produc 
Department at London headquarters—The National Coal 
Establishments Branch (Personnel), Hobart House, Grosvenor Placé, 
London, 8.W.1, quoting TT/207 (April 11). 

SENIOR LECTURER IN BOTANY at the University of Western A 
tralia—The Agent-General for Western Australia, 115-116 Stra 
London, W.C.2 (April 17). 

AGRONOMIST IN THE RESEARCH DIVISION of the Ministry of Ag 
culture and Forests, Sudan—The Sudan Agent in London, Wellington 
House, Buckingham Gate, London, 8.W.1, endorsed ‘Agronomist’. 

HEAD OF THE DEPARTMENT OF OPHTHALMIC OPTICS, and a LECTURER 
IN MerTatiurey in the De mt of Applied Chemistry— 
Secretary, Northampton Po! mic, St. John Street, London, B.C 

LECTURER IN ELBCTRICAL ENGINBERING—The Principal, Tech 
College, Queen Street South, Huddersfield. 

RESEARCH ASSISTANT (Technician or B.Sc. uate) for micro 
biological assays of vitamin B,, and folic acid—The Registrar, King’s 
College, Newcastle-upon-Tyne. 

ELECTRICAL ENGINEER (Electronic) on the Headquarters staff a 
the London Office—The Crown Agents for the Colonies, 4 Millbank, 
London, 3.W.1, quoting M.N.25333(3B). 











